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AN INQUIRY IN REGARD TO THE CAUSE OF SPINNERS’ 
SCROTAL CANCER* 


JAMES Rosertson, M.B., D.P.H. 


Medical Officer of Health, Darwen, England 


INTRODUCTION 


INCE 1920 the attention of those 
engaged in cotton spinning has 
been directed toward the disease 

known as scrotal cancer because of 
its incidence mule 
Anxiety among employers 
has also arisen since the judgment 
given in 1922 in a Lancashire county 
court in favor of a workman suffering 
from this disease. The judgment of 
the court was that, upon the evidence 
laid before it, the disease arose out 
of and in course of the employment. 
The evidence was to the effect that 
the mineral oil used to lubricate the 
mule is thrown off by the rotating 
spindles on to the faller shaft and the 
The friction of 
the shaft on the scrotum as the man 


increased among 


spinners. 


spinners’ overalls. 


* . ' . . - 
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leans over it, together with the irrita- 
tion of the oil, was stated to be the 
‘ause of the disease (1). 

This judgment was in full accord 
with what was then, and still is, the 
general opinion. It would appear to 
be founded on the fact that some cases 
of cancer have been reported among 
workmen employed in the processes 
of refining mineral oils, and among 
shale workers (2) (3) (4). 

This question of spinners’ scrotal 
cancer first arrested my attention in 
1923 in the course of official visits to 
cotton mills. 
to doubt the prevailing opinion as to 
the cause of the 
menced investigations which led me 


Observation caused me 


disease. I com- 
to express these doubts in my Annual 
teport for 1923 (5), and to advance a 
counter opinion. As a result of this 


Report I was asked to give evidence 
in June, 1925, before a special com- 
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mission appointed by the government, 
which I did accordingly. 

At the commencement of my in- 
vestigations | was met by two diffi- 
culties: First, there would appear to 
be nothing written or published on this 
disease in reference to spinners (in 
any medical journal) except one article 
by A. H. Southam and 8. R. Wilson, 
of Manchester (6). Second, no 
definite information can be had from 


the local hospitals. Their records are 


very incomplete or not kept, and 
the death registers do not help 
much. 


Starting with the definite statements 
made in Southam and Wilson’s article 
(6), | divide my thesis into three main 
parts and a conclusion: (1) the faller 
shaft and the process of oiling; (2) 
the oil 


3) a suggested and more evident line 


as found upon the overalls; 


of thought as to the cause of this 
disease; and (4) conclusions. 
The Spinning Afule.—Before  pro- 


the 
which I have carried out, it would be 


ceeding to detail experiments 


useful at this stage to give a bnief 
description of the spinning mule and 
its working. 

The spinning mule consists of two 


main parts, the creel—which is fixed 


and the carriage—which moves. The 
latter is all that we need consider. 


[It is composed of the faller shaft and 
the bolster, both extending the whole 
length of the mule, anywhere from 
30 to 40 yards. The faller shaft, a 
circular steel rod, stands 33 inches 
above the floor and carries the wire 
controlling the tension and direction 
of the threads during twisting and 


) 


a Mins iy i. - , oo ; 
winding. The bolster is G63 inches 


to the inside of the faller shaft, and 
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below, and carries the 
spindles with the cops (see A in Fig. 1), 

The carriage travels from and to 
the creel over a distance of 64 inches. 
its weight being taken by wheels 
running on rails on the floor. Its 
movement may be divided into three 
phases (see Fig. 2): 


45 inches 


(1) the movement 
from the creel occupying nine seconds. 
during which the cotton is drawn and 
twisted thread, the spindles 
9,000 revolutions a 
minute; (2) a rest of two and one-hali 
seconds when a change of gear and 
action takes place; and (3) the return 
to the creel occupying three and one- 
half seconds, the thread twisted being 
the The 
spindles are now rotating at only 180 
to 200 minute. Th 
time for one complete movement, or 
“draw, as it 


into 
revolving at 


now wound on 


cops. 
revolutions a 
is called, is therefore 
fifteen seconds. 

Fixed to the ereel, also about 33 
the 
small rollers, running the whole length 
of the creel, called the delivery roll- 
ers, as they deliver the cotton from 


inches above floor, 18 a row of 


the bobbins to the cops to be spun. 
When a thread breaks, the spinne) 
pieces the broken end directly to thes¢ 
delivery rollers. 


Partl. THe FALLER SHAFT AND THE 


PROCESS OF QOILING 


The Spinner and the Faller Shaft. 
During the outward movement of the 
carriage, the spinner leans over the 
faller shaft to piece together the ends 
of the threads which have broken in 
the 
during the initial part of the move 


twisting. He can only do so 


ment; he cannot reach anywhere nea! 
64 inches, as he must piece the broken 


June, 192/ 











cD 
_— 
OI 


SPINNERS’ SCROTAL CANCER 





"Avids ]10 (qq) puv g[nul sutuulds jo sqiud jO UOTPB[OI (YY) SULMOYS WIBIZBIGN— | “DIJ 


‘Koade 0 Gumeaas Gvaboigq 


‘S4yavd to ON pias bUIMaus uoabvig 





1} 40073 








e voAV 
Avads yi II 





zy) woory / 


oo _—— 








,£& 





ABS 1O"D to \2A37] 
yy | 


— vw _ _ esses 




















7 
4 


THE JOURNAL OF INDUSTRIAL HYGIENE 


220 




























































































‘sojnw Jur}e19d0 uvul jo uorzIsod Zurmoys WBIsBIg—'Z ‘DIy 
SalPp) Payeaacdo OW to Uosiso¢] buimaus wapabag 
, — i 

i (0 4b 4eray bayrris) Soin 

. 2g 2 = 
| 3¢ J a 

Fe / oe 

¢, . yeni Bai yavys 
abpss 4 GI YAN Ov jo GOisa, 
5 +I +e 
ae ) ADA MPS 5) 
} = 
‘|9aAD 
Wart abvisany $ sgbiions 
to 442M rAo1,) 
: Ud11S0¢] $1) jo payio ABAD abviar5 
6 t y : . 

“'’ 4 
<-> —_— — — ‘j22fo9 re — joaldy —— —_ —» 
= =f: 4% 








[994d 


J. 


June, | 








29] | 


a 


SPINNERS’ SCROTAL CANCER 


directly to the delivery rollers foot being thrown out behind as a 
Jitothe ereel. Any threads missed counterbalance. 


# 
‘#4 


err 












s@ 
. 


3.—Showing position | for piecing broken threads Parts of mule are given in 
6 

pieced on the commencement. ot In piceing the thread in this way, 
‘toutward movement. In piee- the spinner may assume one of three 


thread the spinner takes the attitudes, as or pore sented in) Figures 
end nearer him between the 3, 4, and 5. These attitudes are 
ind thumb of his le tf hand. ana. eoverned hy t hye position of the ear- 
ng somewhat sideways with his riage with reference to the ereel at 


()T) his left foot. leans Ove] ana the moment ot piecing. The spinner 


to the other end on the deliv- shown in these figures was 2 Nan o 


er with a quick twist, his rieht Feet, S inches inp height: clearly his 
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scrotum is not, in any of the positions, under the heading  “Protecti 
in contact with the faller shaft. In “Where possible, until mules 


Ty" ny 





aw 


yy” 


lig. 4. Showing position 2 for piecing broken threads. Parts of mule are giv 


fuet, in positions to and 2 the deft suitably designed, employers. sh 


testicle and its serotal covering are employ long-legged operatives.” 
25 mches below the under ede ot the 9S a prot etion soninst thy Por 


fralle ! heatt, snd 11) position +) the SClTO- friction ot the SCrOULUD On t hye 


tum is 1) inches away from the shaft; shaft, is obviously in) complet 


vet this dependent serotal area on its agreement with my measureme 

lower left: medial aspect is the usual elven above. 

site of the epithelioma. [ have watehed these men ¢! 
since writing the foregoing, | have when they have been at work 


end tT) article Dy John Brown 7), of While the spinners attention Heas 


Which the following Is an extract fully occupied during the act ot 
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tum is Ty; inches away from the shaft; shaft, is obviously in complet: 

vet this dependent scrotal area on its agreement with my measureme! 

lower left medial aspect is the usual given above. 

site of the cepithelioma. [ have watehed these men cl 
Since writing the foregoing, | have when they have been at work, 

read an article by John Brown (7), of While the spinners attention has 


which the follow Im? Is an extract fully occu pie “4 during the aet ot 
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ing [ have shipped my hand along the 
shatt | 


and always found a space 





Ire. {) 
| bolobins (oT) eree| 


) 


| spindles with cops » 


While his 


toueh the 


hetween 1 ana the mio. 


overalls, heme loose, might 
shatt, his body does not press against 


it; im any ease, as he leans over some 


What on his left side, his left thigh ts 
between his testicles and the shaft, 
and his testicles are below the shaft 
\ very small percentage of the men 


plece with ther reht hands, and these 
remarks apply equally to them. 


The spinners movement ds 


ncccs- 


Oiling bolster: 
2 delivery 
holster 
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dive ac 
the ( 


sarily quick; he makes a 


his machine. Ilis overalls, 





CAPrrLage door closed. 


rollers on cree! » 
{) earringe door, 


faller shafts 


earment that he wears, arc 


loose: and his serotum Is more Ol 


The 


which WialS supposed to he ePXerte 


free tO sW ne’, Pressure, 
. ] : 
his serotum would not he Presst 


all, tout 





would he more IN) the 1) 
lle 


240) 


cannot conceive of any man imp 


ol a blow. may perform 


movement times Im an hou 


an hour ag 


Yet this i 


his testicles 240 times 


§ reid stee| rod. 
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y what the “present theory The Oitling of the Bolster.—The 


ests. bolster, as previously stated, is 63 











mie ri (oiiin@ steps CATTINGEe GOOor Open 


nelude, therefore, that frietion inches to the inner side of the faller 
laller shaft on the lower end of shaft and | inches below. It is 
tum does not take place, and lined along its upper edge with brass 
ently has nothing whatever having cireular holes. The spindles 
ith the erusation of spinners’ Piss through these holes. their bases 


tree] 


resting in small cups known as steps 
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These cups and the brass on the top 


ot the bolster are the benrmgs of the 
spindles, and oil is applied to these two 
places IN) order tO lessen friction i ol 


The filled 


with oil onee a week. but are shut off 


lies. O and 7 CUpS are 


from the rest of the maehine and 


from the worker by wooden doors, 


which are opened only during the 


()] oiling. \ny oll which 


HDrocess 


might reach the worker by spraying 


mist Come from the Drass hearings 


on the These sare 


Lop of the bolster. 
oiled twice a day, onee in the morning 


helore starting Lp), and AOD afte) 


hisalt. 


raul 


the midday The oiling is done 
While 


The 


long-spouted ayn 


bratanr the is started and 


the carringe is close to the ereet. 


Spinel takes his 


Can POurs SOMLC ot! ()T) t hye (loo 1) 


aside wre that at Is running elenan. 


t hye n:. eoTNnIng at one end Ol the mule 


and watking slong. allows tI steady 


strenm to run on to the brass lining 


pass through. 


where the spindles 


This Ol SOLINS nto the holes ane 
PISSCS down the spindles, 
Although the diameter of the 


pindles is small, nevertheless, the 


eontritugal foree whieh they CXeri 


while revolving at 9.000 revolutions a 


rrydnyuils i hound to bye considerable. 


\nyv oil, therefore. which remains on 


the =pindles above then poll ol 


Contact with the Irsiss lining ot the 
will be thrown off in the form 


When no oil is there, the 


Spr will naturally CEASE. 


holster 
Ol a spray. 


lt Is now 


hHneeessary to determine t hie extent ana 
the duration ot this spray 
fe) jr pricvil \/ () hid] | rile? f (trie 


see Bouin bie. | \s 
Wilson (6) state an their article that 
shalt 


Oly Pale <praved | 


the faller 
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the oil thrown off from the spind! 
[| proceeded to experiment caret | 
with the 


machines immediate ly ‘ul 


oiling. All the experiments detai 





were repeated severn| times in) 
chee] 


Black] 


COLTON mills. and were also 


at the spinning mule in 
(‘ollege. 


three 


Teehnieal 
My first 


periments gave negative results. ‘T] 


blotting pape 


Were earried Oul As follows: 


MEXPERIMENTS 1 to3 lor Iexperime) 


mill NO 


| proceed | 1 


oe () R about 1{) 
] Feu } _ 
Me... ANDI ‘} lit SMneet OF HLlOtTTING Wy 
ad : | od _ 
>» inches long bv 17) inches wid 


fall ! shaft, and lett it On the mule 1()] 


minutes twent draws kor ke 
Wiel and thy prea eq l Vas rey 
| rl No > P.M ind t hae Tee] 
( ollec rt per o| 
Ri | ll there experimet 
() } ( Ot] | () eel it) nid 


These 


StTrarce 


three experiments demo 
that no oll is thrown oft diy 
examining fal 


mills, | 


hol only free from oll, but shov 


ordinary working. 


shatts 11) several found t hye 





S]O]T)S ot aetual rust. 

eX i\I r 4 | ts ol white 
an ) rapped round the fall 

| t hy (jis ] | ole Phe Th) 
then started and lett vorking bor tive 
utes The blotters were removed 


oeeee ed aN the end | t his yy riod 


Resull No oil was visible, 


CVn 
magnifving gh: chemical test was 
1iyve too 

IeXPERIMENT 5—-Blotting pape 
{) to the taller shaft he Cl 
nol ee| Low} rel he 
U ! ‘ \ O ) () 

‘ 1 Lliate 
Morin] Ould ( Preeacie I} 
rhe sl of blotting pap 

| ae aL cpl ( nerime! 
each 12 inches long by 17} inches wid 
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ed. and the mule was started and run Spray, the faller shiautt receives hone 
minutes. The check blotter was of the oil, and that all the oil is off 


ft Peete araeaoener 













FESS PS RODS SSS SCS, ay 





enon : y = 


iy \ y 1 aan ' Aas 
ebontire 


Ca Ml 














hatt during tl OUPEN fiitt at the end of the first three minutes 
Phe revchyinpe a STOR) { rT . 
ans — a —s - | igure 9 was taken to represent the 
POLTeCrS Were reTWnOVeEeG lq)! : - ; 
. oll spray as thrown off the bolster afte) 
Fired blotte . Oil wasfound oiling. In order to vel such ra photo- 
dusafine spray. (2)Smallspecks graph, it was necessary to use a dirty 


ere distributed in the same manne) machine. Lo NNDIN clint deliberately iT) 


There was nadetinite strate t ° , “py! 
bins —— | — ugh the ol, and to over-oil the machine. 


ee ees ean, AML the oil, even in this experiment 
ith ne] of this line was thrown off in three seconds. The 

ne and the shaft there is mmount of ol extracted from — the 

r OF The of and dirt spray plece of blotting paper here repre 

, 10 see ‘ sented was 0.1358 gm. A photograph 

1 a aa - | | nn eould not be trike nota blotting pPruper 

— tc i il result’ from ordinary working condi- 
Lions: t hae Ot distribution. how ‘het # 

vo experiments prove con was the same and the amount of oil 


that. while the spindles (1) thrown varied trom 0.02 to 0.05) em 
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ExpeRIMENT 6.—This consisted of a 
ries of one-minute experi- 
nents. In four complete 
ovements of the carriage take place. 
The bolster was oiled. I then held a 
. of blotting paper against the faller 
during the four draws, ?.e., for one 


successive 


one minute, 


nute. I replaced this by a second piece 
ich I held for a further minute. 

ilt—All the oil was distributed on 
first paper as shown in Figure 9. No 
as found on the second blotting paper. 
7.—The of this 


eriment was to determine what happens 


|.X PERIMENT purpose 
‘ring each complete movement, or draw, 
eupving fifteen seconds. 
oiled. | held a 
of blotting paper to the shaft and 
wed the earriage during its outward and 
With the help of an 
ant [ placed a second piece of blotting 
er to the same part of the shaft during 
econd draw, and also repeated this to 
a third draw. 
/t.—All the oil was sprayed upon the 
fifteen 


The bolster was now 


yard movements. 


lotter of the series, 2.e., in 


’ 


| 


Ondads 


XPERIMENT 8.—Having oiled the bolster, 
i the aid of an assistant I held a piece of 

ting paper to the faller shaft during the 
tward movement, changed it for a clean 
ytter during the two and one-half seconds, 
held this 


and during the inward 


VegTrye nT . 


’ 
; 


\ll the oil was found upon the 
blotter, ¢.e., sprayed off within nine 
ds. The blotter 
free from oil. 


second Was clean 


\.XPERIMENT 9.—This experiment was 
» in order to determine at what point 
ring the nine seconds all the oil is sprayed 
th the aid of three assistants, one with 

p watch, the other two holding pieces 

iotting paper ready, I had the machine 
‘and held a sheet of paper to the faller 
luring the first three seconds of the 


rd movement. Assistant No. 1 im- 
took my place with his blotter. 

f ] . , ri ° 
lollowed by assistant No. 2. This 


Was repeated many times. 
Ul—All the oil sprayed off 
si ee oe 
the first three seconds after oiling. 


Was 


first three seconds of the 
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Summary of Blotting Paper Test 
Results—After oiling the bolster in 
the ordinary course of working, the 
total amount of oil thrown off upon a 
piece of blotting paper 12 inches long 
by 173 inches wide was found by 
chemical determinations to lie between 
0.02 and 0.05 gm. 

All the oil is sprayed off during the 
movement 
The 


distribution of the spray in my three- 


of the carriage from the creel. 


second experiments was exactly similar 
to that found in all my earlier experi- 
ments, and formed a picture similar 
to that shown in Figure 9. 

In three seconds the carnage has 
traveled 21 the creel. 

Experiment to Measure Throw of 
Oil.—As I desired to find the extreme 
throw, a dirty machine and dirty oil 
were again used for this experiment, 
as the dirt thrown off with the oil is 
easily 


inches from 


observable. Two pieces of 
string were tied to the faller shaft 23 
inches apart. A blotting 
paper was held between the strings, 
the latter being kept taut and level 
with the shaft. By this means the 


distance between the blotting paper 


piece of 


and the shaft was kept constant during 
any one experiment, and could be 
varied 


for trials. 


The bolster was oiled before each trial 


easily successive 
and the mule set going in the usual 
way. 

The first distance tried, 30 inches, 
gave no result. By limiting and 
regulating the distance and repeating 
the experiments on different parts of 
the shaft, the 


found to be 27 inches from the bolster, 


sreatest throw was 
or 205 inches from the shaft, when the 
blotting paper gave evidence of a few 


scattered specks of dirt about 11 
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inches below the level of the bolster 
that is, below a man’s knees. 
Starting the Mule.—The starting 
lever, as will be seen from Figure 2, 
is placed midway between the two 
ends of the mule and just outside the 
of the 
is at 





radius of movement ‘arriage. 
When rest the belt, 
which transmits the power from the 


the mule 


overhead shaft, is running on a free 
pulley. When the spinner pulls on 
his starting lever he is easing the belt 
from the free pulley to the fixed pulley 
on the shaft which drives the mule. 
His movement is not sudden but is a 
pull. His starts 
running as soon as the belt obtains a 
grip, which is practically at 
The spinner has to keep pulling the 
lever, until the belt is 
properly on the pulley. 

the Oil Spray.— 
By means of a stop watch, and without 
his knowing that I was doing so, I 


steady machine 


once. 
however. 


The Spinner and 


timed a spinner who was about to 
start his machine. irom the moment 
he commenced pulling his lever until 
he left to walk toward the carriage, 
he took six and one-half seconds. | 
timed a second man from the moment 
he started the mule until he touched 
that part of the faller shaft nearest to 
him; his time was seven seconds. I 
then asked a spinner to stop his mule 
with the carriage at the creel as usual, 
and informed him that I was going to 
time him in starting it. From the 
moment of commencing his pull on 
the lever until he touched that 
of the faller shaft 


took five seconds. 


part 
nearest to him he 


[ am definitely informed that a 
draw, or one complete movement of 
the mule, always takes place after 
that is, fifteen 


starting up seconds 
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elapse—before any spinner pieces 
broken end, as by the time he gets 
to the carriage it is already too fa) 
from the creel, 35 inches,’ to 
allow of his reaching over to piece. 
He is, therefore, never in time to 
receive any of the oil spray, as this 
has all sprayed off in three seconds 
As a further check to this I pinned 
sheets of blotting paper over the over- 


1.€., 


alls of a number of spinners, in such a 
way as to cover the lower part of the 
abdomen and the upper part of the 
thighs, and got them to oil thei 
machines and start up in the usual 
way. Chemical test for oil on the 
blotting paper gave a negative result. 

Combined Hxperiment.—The mule 
is stopped, the spinner seen in Figures 
3 to 5 stands against the faller shaft. 
to which is attached a 
the oil and 
The height of this 
man is 5 feet, 8 inches as he stands. 
‘rom the point where the faller shaft 
touches his pubes to the lowest point 


piece of 
blotting paper showing 
dirt distribution. 


of his left scrotum is 2} inches; tha’ 
is to his serotum lies entire! 
between the line of attachment of th: 
blotting paper and the line ot 

marcation (that is, in the clear zo! 
always found). It follows, ther 
fore, that even if the spinner, ait 
oiling the machine, was standing or 
bending over the faller shaft whil 
another man started the mule, all the 
oil spray would be thrown upon his 
overalls at a level 23 inches below his 
scrotum, and the area of the greates! 
density would, therefore, be 2 inches 
downward toward his knees; that 15 
from 23 


Say, 





inches to 4 inches below !!5 


?The 


rate of 7 inchesto one second. 


carriage travels outward 
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scrotum. As explained in my pre- 
vious experiments, however, such a 
nosition is never occupied. I have 
ia demonstrated that, as the spinner 
loans over the faller shaft, his scrotum 
; 2! inches below, and 1{ inches 
distant from the shaft. 


Summary 


The faller shaft exerts no pres- 
sure or friction on the scrotum because 

the scrotum is below the level of 

shaft; and (6) the spinner does 
not lean on the shaft in piecing. 

2. Oil is not sprayed on to the faller 
haft and, therefore, does not get to 
the spinner’s overalls by this means. 

. The oil spray lasts only three 
econds after each oiling. During 

s time the spinner is at the starting 
ever and his overalls receive none of 

Spray. 

| submit, therefore, that oil and 

tion cannot be the cause of spin- 

scrotal cancer. 
Part 2. A FuRTHER INVESTIGATION 
OF THE QUESTION OF OIL 


in view of the results of the re- 
ches made in the Cancer Experi- 
iental Laboratory (2) where it has 


en shown that medium mineral oils 
il cause cancer, before exonerating 
from all blame in this particular 
or even giving it the benefit of the 
ioubt, it is necessary to proceed to a 
intimate investigation. The oil 
is a medium oil with a specific 
of 0.9007. 
act which strikes one on entering 
pinning room in a mill is that the 
is wet with oil; in fact, in old mills 
tually drips through to the floor 
Owing to faults in the machin- 


ery the spinner often has to kneel on 
the floor to carry out minor repairs. 
His overalls thus absorb oil from the 
floor, at the knees. His hands also 
become oily, and when the repairs 
are completed he invariably rubs them 
dry upon the flanks of his overalls 
and afterward finishes the cleansing 
process with a piece of dry waste. 

Four oil areas are thus found upon 
the overalls, especially at the end of a 
week’s work: v7s., one over each knee, 
one on each thigh, particularly in 
front of the great trochanters, round 
the overalls to the middle of the legs 
and groin in front. A parade of a 
number of spinners on a Saturday 
morning in the overalls which they 
had been wearing since the previous 
Monday confirmed this. There was 
no visible oil and dirt area in the 
scrotal region; the most marked areas 
were over the knees. 

As a further test, arrangements 
were made with three spinners to 
start work on a Monday morning with 
clean overalls lined around the sero- 
tum, groin, lower abdomen, and down 
the legs to the knees with a piece of 
absorbent cotton cloth. ‘wo wore 
blue overalls, and one wore white. 
These men worked a full week in the 
usual way and on Saturday morning 
at 12 noon I received the overalls and 
linings for examination. On the out- 
side of the scrotal region the overalls 
felt slightly damp to the touch, but 
on the inside they were dry, as was 
also the soft cotton lining in this 
region. One suit of overalls selected 
for this test was well worn and frayed 
around the fork, and even had a small 
hole in this area about the size of a 
shilling, through which the white 
lining could be seen. 
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Two linings and one pair of overalls 
with lining were taken by me, and 
delivered direct to Mr. G. W. F. 
Holroyd, M. A., I’. I. C., Head of the 


T 
' 


Chemical Department, Blackburn 


Technical College. The overalls and 
linings were carefully examined by the 
The 


overalls showed the well-marked four 


naked eye and _ with lenses. 


oil areas as deseribed, but the area 
the eould 
possibly play appeared free from oil. 
the oil 


scrotal 


against which scrotum 
from 
the 


area, the cloth suggested an 


Traveling, however, 


areas mentioned toward 
amount 
of oil capillary movement. As it was 
unnecessary to make any determina- 
tions regarding the overalls as a whole, 
we confined ourselves to the scrotal 
area. 

l‘or this purpose a central piece 
was cut out, measuring 6 inches across, 
and 7 inches down the legs, thereby 
including all that portion of the overall 
which could possibly touch any part of 
the serotum. ‘The outer edges of this 
piece involved a fringe of each oil 
area, more particularly the flanks. 
The weight of this piece of cloth was 
¢ om. 
of the 


inches by 


The weight of a new piece 
measuring 12 
The 


mineral oil extracted was 


same material 
12 inches is 22 gm. 
amount of 
0.9008 gm.; the amount of fatty oil 
(this 


was 0.11 gm. 


represented scrotal secretion) 
The absorbent linings measured 15 


inches by 15 inches, and each weighed 


20 gm. The linings from the blue 
overalls gave the following deter- 
minations: mineral oil, 0.2162 gm.: 
fatty oil, 0.2162 em. The lining from 
the white overall gave: mineral oil, 
0.1632 gm.; fatty oil, 0.1632 gm. 

lf'rom these very definite facts I] 
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suggest that 0.2 gm. of any minera| 
oil found upon a piece of cloth 15 
inches by 15 inches at the end of one 
week’s work have any in- 
fluence upon the production of 
epithelioma. 


‘annot 


The naked eye examinations of thes: 
linings showed that any suspicion 
limited to the 
centrally, where 


outer edg 
the 
played, the linings were faintly stain 


oil was 
and scrotu 
yellow, and this we take to represen: 
the fatty oil secreted from the scrotu 
Reviewing these several facts, I ; 
of the opinion that all the oil is recei 
upon the overalls first from the floo 


and second from the hands of 
spinner, which in turn receive th 
from the floor. This is a daily 


creasing quantity, commencing in f 
limited areas and from these spr 
by capillary attraction in all dir 
This 


not reach the very limited area of | 


tions. spread, however, does 
overall which plays upon the 
definite sites occupied by spinners 
epithelioma of the scrotum. 

The spinner works in his bare 
feet 


and his socks are definitely oily. 


on the oily floor, his are oO 
have found no spinner who washes 
feet oftener than once in two wee: 
Irom the time he leaves his work unt! 
he returns he has the friction of | 
socks and boots or clogs upon 
oily feet, yet he never suffers i 
eanecer of the feet or even from sores 
The skin of his feet is soft and healt! 
Spills of wood from the floor get 
the soles of the feet: they al 
moved and the wounds—painted \ 


1 ciyy 
hOGA 


rarely even suppurate. 


Capillary Experiment.—As stat 
0.9 gm. of oil was extracted from 1 


piece of overall cut out at the enc 
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- week’s work of five and one-half 


days. This oil was found around the 


y edges. It is further noted that 
slightly more than 0.2 gm. of 


i] penetrated through the overalls 


the piece of absorbent cotton 15 
hes square, also worn for the said 
and this oil, 


was confined to the four corners 


and one-half days; 


‘+h came in direct contact with the 
receiving oil areas. 

now desired to study the capillary 

vement of this oil. ‘or this pur- 

‘I took two pieces of overall cloth, 
measuring 6 inches by 7 inches, 


piece new, one plece washed and 


d. kught corks were fastened 
board, upon which these two 
of cloth were fixed. four 


s were marked off, to represent 
areas of contact with the overall 
ng conditions as previously de- 
ed. Then 0.9 


as used at the mills was placed in a 


gm. of machine 


te, and its drop value estimated. 


} 


the burette used this equaled 


lrette drops. 
ve and one-half days’ experim< nti 
Ww carried Out SO as to represent 


irly as possible working 


COn- 
The two upper outer edges 
esented the oil areas on the thighs: 
lower edge represented oil on the 
The oil was added as follows: 


Number of Drops! 


On On 
Th igh K ECS 
3 3 4 
4 } 3 
3 m 4 
} } j 
1-] 14 LD 


tal, 43 droy 


s, or 0.9 gm. 


At the end of five and one-half days 
the capillary movement on new cloth 
was 4.25 cm.; that on washed cloth 
was 3 em. The area of cloth which 
would act upon the scrotum, 
particularly upon the sites of 


and 
this 
disease, remained free from any oil. 

These experiments were carried out 
at the Darwen Secondary and Tech- 


nical Schools, were observed by, and 


all measurements were carefully 
checked by, J. Foulds, A.R.C.S., 
I.I.C., and A. Holderness, M.Se 


the facts, it 
definitely stated that no oil reaches 


Taking all can be 
the scrotum, and therefore oil cannot 
be a factor in the causation of spin- 
ners’ scrotal epithelioma. 


) 


ParRT 3. History 


The two usual sites of spinners’ 
cancer are very definite and lmited. 
(a) the inner 
half of 
the medial lower 


They are situated upon 
lower medial side of the left 
the seretum, and (b) 
of the mght half, as shown in 
This 


' of disease, especially arising 


edge 


ligure 10. very limited area 
upon a skin surface which is generally 
equally susceptible, forces the con- 
clusion that some very specific operat- 
ing factor or factors must be at play. 
Such factors must be peculiar to the 
spinner, his clothing, and his move- 
ments. 

[Examination of the spinner shows 
that he is not particularly clean as to 
his person. I have examined several 


hundred spinners and have in all 


cases found the scrotum sticky and 


dirty. Working in a hot and—con- 
trary to the usual conception (5, 
p. 85)—somewhat dry atmosphere 


and drinking on the average 1 pint 
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of water an hour, he perspires freely. 
His overalls, being thin, absorb little 























Direction af 
| Fessure (to Lett) 
i id Fabes 
—__| Forks of 
Overa ||. 
Rahl Lett 
¥ Le, 
! 
Via. 10. 
of this. I¢vaporation results in a con- 


centration of dirt and salts on the skin. 
The 


whi Se 


scrotum, a dependent organ, 


itself 
particularly to the retention of dirt, 


corrugated skin lends 
possibly receives more than its share 
through gravitation. 

There is no reason to suppose that 
the spinner of today is any dirtier 
While the dirty 


serotum, the mineral oil, and the same 


than his forbears. 
movements required of the man have 
existed since 1880. serotal cancer has 
the 


disclose. 


serlous as 
in Table 1 


It would seem, therefore, that it is 


only lately become 


statistics shown 


necessary to find some recent factor or 
factors the 
and on a definite part of it. 

A few 


cancer 


operating on scrotum, 


scrotal 
L9OQ, 
but it was not until after the war that 
attention was directed to this disease 


cases of spinners’ 


ean be traced back to 





because of its rapid increase. In 1929 
the Home Office made it notifiable 


Pubes, 


85 7 





Showing location of pressure caused by fork of overalls. 


the Act. The in- 
formation regarding spinners’ scrotal 


under l'actory 
eancer given in Table 2 was supplied 
to me by the Factory Department, 
Home Office. 


Overalls 


ISSO until about 


ners wore white overalls. 


Irom L905, spin- 


The cloth 


} 


of which these overalls were made. 


ealled “fustian,’’ was of a soft, kindly 
nature, and contained no chemicals. 
their 


eloth 


Blue overalls began to make 
about 1905, the 
being a hard, cheap material ccn- 


appearance 


taining from 25 per cent. to 40 pel 
size (magnesium chloride, 
Anothe 
kind of white cloth also began to be 


cent. of 


zine chloride, and sago). 
worn at this time, differing from the 
blue only in the absence of coloring 


matter. 
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999 ; , 
ble The older men, accustomed to the overall is the history of the increase 
AD e ° ~ . . . . ’ . 
<oft white fustian, continued to wear in the number of spinners suffering 
r\BLE 1—STATISTICS ON INCIDENCE OF SPINNERS’ SCROTAL CANCER, 
1900 ‘TO 1925 
sa MANCHESTER! . we ph ates 
BLACKBURN ROYAL BOLTON adele’ | CASES COLLECTED BY ASSOCIA- 
‘FIR TFIR iy! glean | TION OF OPERATIVE SPINNERS? 
INFIRMARY INFIRMARY INFIRMARY rio YF OPERATIVI rs KI 
> 
| No. | No. 
Year | No. | Year | No Year | No. | Year| No. | Year | No, | Died | Died 
setanlt “‘aaiiats = “4 sid ae “| Since | Each 
/ | | | | | Onset | Year 
1900 0) 1913 | 1 
101 | 1 | 1914] 1 | 
190 | 1915 | 2 | Noearly records |) 1902) | | 
9033 | 1 | 1916] 1 | | to }) 693 | : 
1904. | 1 | 1917 | 4 | 1921) | 1917 ie 2 
1905 | 1 | 1918] 0 1918 7.) Ba @ 
i 1906 | 1 | 1919 | 5 | 1919 9 3 5 
190, l 1920 | 3 1920 ] | 1920 11 | 6 fj 
1908 | 1 | 1921] 5 1921 4 | 1921 | 16 | 9 2 
109 l 1922 | 3 1922 8 | 1922 9! 1922 29 10 s 
10 f 1923 | 6 1923 6 | 1923 6} 1923 26 11 14 
1] } 1924 2 1924 10 | 1924 5! | 1924 57 13 | 21 
rt @ F ces . | 1925 J ea ie 1925 | 4 
5 (to Sept.) (to March), 
(| 
t Totals............ 52 34 85 173 | 69 | 69 
\ll left sites. 
verage age at onset 52 years; average age at death 53 years. 
Of this number, 84 per cent. were left sites; 16 per cent., right or central. 
the younger men wearing the fromthisdisease. The statistics given 
h 


cheaper material. Thusthe blue over- in conjunction with what is known 
ails began gradually to displace the of the time required for the develop- 
thers until 1914, when some 90 per ment of the disease bear out this sug- 


ent. of spinners were wearing blue, gestion (2) (3) (4 

the remainder wearing the cheap The spinner has two pairs of overalls 

white. The soft fustian overall is in use at a time, the pair he is wearing 

how practically unknown. and a pair at the wash. [very 
ay 


dirt, and all movements per- Saturday he takes home to be washed 
med by the spinner, being constant the dirty pair which he has been wear- 
ors throughout the history of the ing all week, and every Monday 

it is necessary to find other morning he appears with a clean pair. 
tors to explain the increase in the One pair is generally fairly new and 
cnee of this disease. I suggest the other fairly old, and the men, on 
the history of the present type of | examination, are found to be stained 


T 
} 
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around the scrotum and down the 
legs with blue dye (2, p. 28) (8). A 


TABLE 2.—NUMBER OF CASES OF 
SPINNERS’ SCROTAL CANCER AND 
NUMBER OF DEATHS FROM 
THIS CAUSE NOTIFIED 
TO THE HOME OFFICE, 

1923 TO 1925! 


| NUMBER OF cans. 
NUMBER OF 


YEAR CASES NOTI- nine 
, DEATHS 
FIED | 
1923 14 1 
1924 57 | 13 
L025 54 28 
Totals...... 125 4? 


| The total number of mule spinners was 
23 000. 


pair of overalls generally lasts about 
eighteen weeks. 

The overalls are worn next the skin. 
They are held up by means of cloth 
the 
on at the back and coming over the 
In the 
plecing movement, the stretching out 
of the left consequent 
raising of the left shoulder pull on 


straps of same material, sewed 


shoulders to button in front. 
arm and the 


the loosely worn overalls and cause 
slight pressure and friction on the very 
points of the scrotum on which the 
epithelioma is usually found. 

Detailed study of a spinner’s move- 
ments while piecing is very interesting. 
The right situated at a 
higher level than the left. and while 
spinners are 
left in 


testicle is 


usually dressed to the 
their overalls, as 


‘ 


men com- 


monly are, the fork of the overalls is 
position that, when the 


spinner reaches over the faller shaft, 


In such a 


the mght testicle immediately passes 
shghtly upward and backward, 


I and 
the left testicle 


remains in its lower 
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position. The fork of the overalls 
passes between the testicles, thereby 
causing pressure upon the scrotum 
in a direction obliquely upward and 
outward to the left. (See Fig. 10. 
It will also be seen that the inner side 
of the overall leg presses against the 
medial side of the left scrotal pouch 
containing the left testicle; this is the 
usual stituation of the epithelioma. 
These rapid intermittent frictions, 
some 240 an hour, acting upon a dirty 
scrotum plus the aniline dye is, |] 
suggest, the cause of this disease 
(9) (10). 

In a large number of mills women 
have always been employed at mul 
spinning, and during the war their 
number was much They 
wear a blue cotton skirt with an under- 


increased. 
petticoat only. They have the sam 
male mul 
spinner, yet I can find no ease of labial 
cancer 


duties to perform as a 


recorded. Among worsted 
spinners, who use a mule similar to 
that used in cotton spinning, the oiling 
of the bolster is carried out in a similar 
way, and the oil used is a mineral 
oll with a specific gravity of 0.9007, 
the 


spinning. 


same oil as is used in ecotto! 


The 


over the faller shaft to piece his ends, 


wool spinner leans 





just as does the cotton spinner. |! 
can find no case of wool spinners 
scrotal case re- 


Cancer, one 


ported to the Home Office in 1924 


except 


[ further inquired at a large firm 
Messrs. 
saldwin, and am definitely informed 
that 
among their spinners, 


wool spinners, Paton and 


they know of no case arising 


and they hav 
heen in business for over sixty years 


Wool spinners, however, wear th 


overalls over an undergarment, and 


this 1s, In my opinion, a vital factor 
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fine Cotton Spinners’ Asso- 


n. Manchester, has made specific 
ries, at my request, in regard to 


onditions obtaining in Irance. 
mitted a list of questions and, 
thereto, I am definitely in- 
from Lille, Trance, that: 
‘ases of epithelioma of the 

m are known among the French 
2) The spinning mules and 


« conditions are similar to those 


nine im Laneashire. (3) The 


| 7 ° 7 
ers wear blue, white, or black 


ls of the same material as that 


in Lancashire, upon their bare 


and they work in bare feet. (4) 


subject to the same oil 


tions as Is the ease in Lancashire. 


ey do nol wear shoulder straps; 


veralls are supported by a 
belt. 
factors further support my 
ent and experimental proofs, 
this disease is not due to con- 
s within the mill, but is due to the 
plus the scrotal state) result- 
m the shoulder pull upon an 
brace, causing the overall 
operate upon the serotum as 
iy deseribed. In France the 
belt supports the overalls, so 
hen the spinner leans over. the 
naft in order to piece the cot- 


the shoulder being free, there is 


upon the overalls and, there- 
friction of the overalls upon 
rotum at any point. The wool 
as I have already stated, has 


(\T t 


ction of 3 | soft undergar- 


my investigations, [ have 
enty-nine spinners who have 
rated upon for this disease; 
orl ry *Z) byliy ; *é ] 

2nt wore ue overalls, one 


te, All had the dis ase at the 


don @ 


usual site on the left side of the 
scrotum. 

All the figures given are very definite 
proof that this disease is rapidly in- 
creasing among male mule spinners, 
and I am now, after my experimental 
work, strongly of the opinion that the 
spinner should wear the white fustian 
overalls supported by an elastic brace; 
or, if he wears the blue or the hard 
white overalls, he should have next 
his skin some short undergarment of 
soft material, and should wear an 
elastic brace or a waist belt. Clean- 
liness of the scrotum is also required 
of him. If these measures were 
adopted, I feel sure that this disease 
would seldom be seen. Turther, | 
suggest, as I have definitely proved 
that all the oil found upon the overalls 
is received from the floor, that the 
spinning room floor should be washed 
at least every two years, in order to 
prevent any accumulation of oil. 

Note.—One of the twenty-nine spin- 
ners whom I examined had in my 
opinion an early recurrence of the 
disease. A small white scaly patch 
was observable situated near the mid- 
line anteriorly and at the most de- 
pendent part of the right side of the 
scrotum, just in line with and near 
to the sear of his previous operation. 
This patch was hard to the touch and 
in its center was seen the opening of a 
skin gland. [ picked off this scale 
and found a raw-looking surface which 
easily bled. 

The man informed me that, because 
of the itching and tingling sensations 
from which he suffered at the com- 
meneement of his previous epitheli- 
oma, he also picked off the scale, 
after which, on several occasions, a 


little blood came away. All the pa- 
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tients that I saw experienced these 
sensations. 


(CONCLUSIONS 


Spinners’ scrotal epithelioma is not 
caused by oil spray thrown by the 
working mule, neither does the faller 
shaft take 

The oil found upon the spinner’s 


any part in its causation. 
overalls is absorbed entirely from the 
spinning room floor, and gradually 
spreads by capillarity from the four 
) but reach 


by the end of five and one-half days 


recelving areas, does not 


overalls 
which operates upon the scrotum at 


the circums ribed area of the 


7 ° . . 
the definite site of this disease as 
nN ! ror 
ng spinners. 

] . 
CLOLOZIC 


Che definite « factors are, 


in my opinion, (1) the dirty scrotum; 
2) the added factor of the dye; and 
3 friction from the hard, rough, 
and unkindly cloth, especially at the 
for f the overalls which contains 
the roughly made seam, acting very 
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definitely the exact 
situation where this disease is alwavs 


upon 


scrotal 


found; this friction being aggravated 
by (4) the use of an inelastic brace.* 


3 So far as I have been able to discover. 
cancer of the scrotum is relatively rare jp 
the United States. Cases have been re. 
ported among men working with tar 
with the paraffin oils, but these cases 
few and not well defined. 

There seem to be very few record: 
Cases of cancer which are directly traces 
to the cotton trades, such as spinners 
scrotal cancer. This fact may be due ti 

l. Lack of observation heretofore 


2. The tendency of mill hands 
South to wear trousers with belts rather 
than shoulder strap overalls. 


3. The general tendency of mill hands 
in the North, the majority of whom wear 


aid 


overalls, to wear also some sort of 
clothing. 

Any one of these factors would ur 
edly tend to reduce the oc 
thing like the spinners’ cancer as discuss: 
in Dr. Robertson’s article 

In Massachusetts at the p 


. . | . 7 . . 
intenslve study OI cancer is being condu 


7 


by the state authorities, with special rs 
- . : } a rT" 1. o _ : 
ence to 1ts etiology. This Investig 
| 17 ° 
should call attention to anv types of 
which mav be of industrial origin. As ve 
. ° } ° ] 
however, no definite conclusions h 
reached.—Derric C. Parmenter. 
ea were 
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STUDY OF THE LEAD LINE, 
HYPERTENSION IN 381 LEAD WORKERS* 


May R. MAYERs, 


B ireau of Industrial H yqre TLé , Ne l 


HE investigation recently com- 
pleted by the Bureau of Indus- 
trial Hygiene of the lead indus- 

es in the stateof New York and ofthe 
alth of 381 lead workers has thrown 
ther interesting light on a number of 
ises of lead poisoning. Most im- 

tant of these, perhaps, were the 

findings already reported in 

JOURNAL in May, 1926, in an 
on Lead Anemia.” Of the 

r findings those relating to the lead 
arteriosclerosis, and hypertension 
thought to be of sufficient interest 
varrant a special report. 
hysical examinations were made in 
y-three plants in fifteen leading 
lustries in the state of New York. 
vorkers were exposed to lead in 
tollowing forms: lead fumes, red 
iste, red lead and litharge dusts, 
nd wet paints, dry and wet 
colors, dry and wet pottery 
viaze, pig lead and metallic lead dust, 
hite lead as such. All examina- 
were made in the plants so that 
ries Includes no cases of incapac- 
}acute lead poisoning. 


DIZATION OF [TERMINOLOGY 


poisoning? 
discussion 


poisoning 
present; 

take the posit 
stippled cells 
constitutes a 


disease. 


nik ny 


ARTERIOSCLEROSIS, AND | 


M.A., M.D. 


York State Dey 


inve stig ation, 
increasingly di 
went on, Was: 


well to stop 
consider this question. 
the 
ject, one is immediately 
the fact that 
ently 
precisely 


appear to be 


who will not make 


LcA Se 


positive diagnosis, 
f all clinical 
A lar 


diate positions have been taken by as 


From the stan 
Clans who are 
upon to make 


AAs om * 


ead polsonins 


nart rié nt of Lahor 


ifficult to answer as time 
exactly 

Before entering upon the 
at hand, therefore, it might 
If one consults 
voluminous literature 


iuthorities have appar- 
disagreed for 
what 
diagnosis of isoning. There 
- on the one hand 
a diagnosis of lead 

unless 
while 
ion that the presence of 
blood in itself 
sufficient 
even in the absence 
ations of this 
r of interme- 


dit ffere nt med ical men. 


which grew 


what zs lead 


moment and 


on the sub- 


struck with 


ratlonps aS to 


constitute a 


Fal ’ 


lead ecolie is 


others who 


Dasis Ior a 


, 
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Publie 


Service in eonnection with its 


prompted the United States 


Health 
study of the 1 


tempt a classification of signs, Symp- 


tery industry to at- 


toms, and laboratory findings, in which 


each was more or less arbitrarily 
assigned a definite relative weight. 
the Vureau of Industrial Hygiene, 
beeause it weleomed any effort at 
standardization, attempted to use this 


proposed classification in the present 
study, but unfortunately without any 
great degree of suecess. It is always 
extremely difficult to make the diag- 
nosis of any discase dependent on a 
system of weights and measures, no 
matter how carefully they have been 
figured out; and so it proved in this 
instance. 

Many of the differences of opinion 
as to diagnosis are, on analysis, found 
to be due to differences of opinion as 
to the definition of the term “poison- 
ing’ rather than to any fundamental 
differences in the medical interpreta- 
tion of eases. Poisoning appears to be 
a rather unfortunate term, moreover, 
in that it tends to COnVCYy particu- 
ideas of extreme 
It is, 
in reality, a peculiarly inapt term to 


larly to the lay mind 


CGISTreSS 


and dramatic episodes, 


apply to a disease which is so inher- 


ently insidious and cumulative in 


character, and in which very acute 


symptoms are (at the present time, at 
It is 


felt, therefore, that considerable prog- 


any rate) relatively infrequent. 


ress night he mace In) the direction 
of clarifying the situation and standard- 


IZINng the (i) NOSIS, Li the 


‘roy 
CAG. J 


term ~ lead 


poisoning were arbitrarily reserved 


senting toxie 


entirely for eases pre 


- ] ? 1 } ° 
eCpisoces SUCH as acute lead eoire, lead 

, . =o 7 . eat 
pa SV, Ol encephnaropathi » Alit ity the 


! 
broader 
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absorption”’ were used to cover all ea 
where there is any laboratory or o! 
positive evidence that lead has b 
absorbed into the body, whether or 
this 1s accompanied by clinical m: 
the 


this sense, all eases of lead poison: 


disease. Used 


festations of 


are merely special cases of lead absor 


tion which present evidences of acu 7 
intoxication. The term lead absorp- 
, ' , f 
tion has unfortunately been use 

{ 


rather loosely in the past, by some, to 
refer to cases which they vaguely 
“mild” eases of lead 


A\4 


regarded as 
poisoning. ‘There has been very prop- 
er objection to its use in this way. 
Lead the 
above suggested would, by definition, 
itself to 
interpretations; indeed, it 1s an expres- 


absorption used in 


sense 


not readily lend varying 
sive term because it definitely refers 
itself 


symptomatic 


to the etiologie factor rather 


than to its protean 
manifestations. 

lor purposes of clarity in the present 
discussion, at any rate, I shall take the 
liberty of speaking in terms of lead ab- 
sorption rather than of lead poisoning 
Indeed, since all of the men examined 
were at work, the present series con- 
tains no cases of severe intoxication, 
and therefore no cases of lead poisoning 
in the limited sense in which I am for 
the present arbitrarily using this term. 

LEAD LINE IN THE GUMS 

The foregoing discussion of termi- 
nology has a direct bearing on the ques- 
tion of the diagnostic significanc 
any such physical sign as the lead lin 
the 


cums. ‘That the presence of this 
single and well-defined sign (when 11 
well defined) is direct evidence of lead 


{ ; | 
absorption is generally accepted—icac 


J. 1 
June a 
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«was absorbed and subsequently de- 
posited in the gums. The practical 
,yestions which must be borne in mind, 
wever, by the examining physician 
|) May active lead absorption 
uur in the absence of this physical 
n? (2) May the lead line in the 
sums persist long after active lead 
sorption has ceased? (3) To what 
extent should the presence or absence 
of the lead line in a lead worker affect 
the interpretation of the symptom- 
complex which the patient presents at 
the time he is examined—as, for exam- 
ple, a stomach ache? It is a common 
experience that stomach ache in a lead 
worker is only too frequently diag- 
nosed as lead colic, without further 
nvestigation. When a lead worker 
vith a lead line in his gums, however, 
comes to a physician and complains 
of stomach ache, the diagnosis is al- 
most a foregone conclusion. And yet 
1 lead worker either with or without 
lead line in his gums may have a 
iomach ache for any of the reasons 
that anyone else may. 
\n analysis of some of the data on 
e lead line obtained in the present 
study brings out the pertinence of 
ese considerations. There were, in 


1} 
i] 


all, among the 381 workers examined, 
lurty-one eases of lead line in the 
tums, or &.1 per cent. No attempt 
ibe made at this time to discuss the 
‘heulties in differentiating a true lead 
in the presence of cyanotic gums 
‘arious teeth, both of which are so 
mon among lead workers. The 
eases here discussed were 

ntly definite to leave no doubt 

he diagnosis. Of this number, 
no other evidence of lead 
tion. Examination of their 


MOWweRed no evigence Qi 1 ad 


anemia, and their urine was negative 
for lead, showing that there was ap- 
parently no active lead absorption 
going on at the time they were exam- 
ined. It would seem proper to infer, 
therefore, that in the case of these ten 
men, at least, the lead line had in all 
probability been deposited at some 
previous time when active lead ab- 
sorption had taken place, and that 
these lead deposits had remained there, 
inert, until the present time. Teleky 
has reported a lead line in the gums of 
a worker eleven months after exposure 
to lead had ceased. In the present 
investigation, approximately one-third 
of the men with a definite lead line in 
their gums appeared to be in the 
position of this man. For them, the 
presence of the lead line would not 
necessarily be contributory evidence 
in favor of a diagnosis of lead colic in 
the absence of other findings. On 
the other hand, in the present series 
there were 201 men who showed 
laboratory evidences of active lead 
absorption but who nevertheless did 
not have a lead line in their gums. 
Evidently the lead line may frequently 
be absent, even when active lead ab- 
sorption is taking place. 

The practical importance of differ- 
entiating workers who are actively ab- 
sorbing lead at the time the lead line 
is observed from those who merci, 
have inert deposits of lead in their 
gums from some previous time cannot 
be overemphasized. In order properly 
to appraise the diagnostic significance 
of the lead line in any particular case, 


repeated laboratory analyses should be 


made both of blood and of urine for 


evidences of active lead absorption. 


t is the presence or absence of active 


T 
| 
lead absorption, and not the presence 
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or absence of the lead line, which is 
essential to a proper interpretation of 
the symptom-complex presented by : 
given patient. 

It must be remembered, however, 
that every worker who has any lead 
stored in his body—whether in his 
gums, in his bones, or elsewhere—is 
at all times a potential case of acute 
lead The onset of an 
intercurrent infection or some change 
in his metabolism may at any time 


poisoning. 


cause a sudden mobilization of this 
stored lead, with the result that it is 
thrown into his circulation in toxic 
amounts, and an acute attack of lead 
poisoning may ensue. Such workers 
not only require watching by the 
industrial physician, but they require 
proper prophylactic treatment directed 
with a 
lead 


toward a slow mobilization 


gradual elimination of these 


deposits from their bodies. 
ARTERIOSCLEROSIS 


The behef that long-continued ex- 
posure to lead produces pathologic 
changes in the arterial walls which 
predispose tO an early arteriosclerosis 
made the study of this condition 
among the large group of lead workers 


The 


total number of cases of arteriosclero- 


examined a very interesting one. 


sis was found to be eighty-six, or 22.5 
per cent. of the 381 workers examined. 
All of these cases, however, occurred 
in) men over 3O years of age, SO that 


the actual percentage of arteriosclero- 


sis based on the 227 men in this age 
group IS, In reality, 31.5 per cent. 
Superficially, this would appear to be 


a rather high percentage. 


In evaluating these figures, however. 


it was recognized at the outset that 
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due allowance must be made for other 
factors, principally those of age and 
TABLE 1.—INCIDENCE OF ARTERIO.- 
SCLEROSIS IN 381 LEAD WORKERS 
CLASSIFIED BY AGE 
GROUPS 


: CASES O] 
TOTAL 
AGE GROUP ie ARTERIOSCLEROSIS 
UTS. . : 
> GROUP 
Number (Per Cent 
Under 16 l (0) 0) 
16-1S 16 0 () 
19-21 29 0) (0) 
22-30 108 0 () 
31—40 116 20 17 .2 
41-50 66 34 51.5 
51-60 27 1S 66 6 
Over 60 | 18 14 717 
Total.... 38] R6 99 5 


TABLE 2.—INCIDENCE OF ARTERIO- 
SCLEROSIS IN 381 LEAD WORKERS 
CLASSIFIED ACCORDING TO 
DURATION OF EXPOSURE 


CASES OF ARTE- 





; . ng | TOTAL i 
DURATION OF it RIOSCLEROSIS 
EXPOSURE . : —_ 
GROUP |— | 

Number Per Cent 
Under 2 mos. 28 3 10 7 
2-6 - 57 5 S 7 
7-ll “ ?] 3 14.2 
1-2 yrs. 72 17 23.6 
3-5 = S6 20 23.2 
§-10 ‘* 36 5 13.8 
11-15 ‘ 28 Q 32.1 
16-20 * 19 7 36.8 
21-30 ‘“* 95 11 44 () 
Over 30 “ Q 6 66 6 
Total 3S] 6 2? 3 


duration of exposure, since it requires 
a long time for arterial changes to ta 
place. That chronic alcoholism plays 
an important part in the product 


of arteriosclerosis is well known, 4! 








, ‘+ is to be regretted that this factor 


could not be entirely eliminated. 
Since almost all of the workers exam- 
this 


Those 


c ned drank more or less, was 


manifestly 
were known to drink in great excess, 


impossible. who 
wever, were excluded from the series. 
bles 1 and 2 show the incidence of 
the 381 lead 
yorkers distributed by age groups and 


riosclerosis among 
according to duration of exposure. 
that 
ust be reckoned with in the interpre- 


Bearing in mind alcoholism 


tion of results, the cases were then 
irther distributed so as to bring out 
ore definitely the correlations be- 
en age and duration of exposure to 

id. Sinee arteriosclerosis develops 
ery slowly, the workers were arbi- 
rarily divided into three groups. The 
first group was limited to those who 
| been exposed to lead for two years 
less. Arteriosclerosis found in this 
oup could hardly be regarded as 
aring any relation to lead since the 
duration of exposure was too short. 
his group could, therefore, be con- 
red more or less in the light of a 
trol series. Those who had been 
sed to lead for five years or more 
selected for group 2, and those 
posed for over ten years were put 
(See Table 3.) Within 
se groups, the workers were then 


) group 9. 


classified by age, omitting all workers 
ler 31 years of age, as no cases of 
rioselerosis were found among 
those exposed to lead two years 
ss, it will be observed that, in the 
ssive age groups, the percentages 
cases showing arteriosclerosis were 
Z, 96.5, 71.4, 


is the control group. 


and 75, respectively. 
The cor- 
ponding percentages for the group 
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which was exposed for over five years 
were 23.5, 31, 66.6, and 78.5, respee- 


TABLE 3.—INCIDENCE OF ARTERIO- 
SCLEROSIS IN 172 LEAD WORKERS 
CLASSIFIED BY AGE GROUPS 
AND DURATION OF EXPO- 


SURE 
CASES OF 
— ; TOTAL 
AGE GROUP a ARTERIOSCLEROSIS 


YTS. . 
: GROUP ; 
| Number /Per Cent. 


Exposure for Two Years or Less 
(Control Group) 


31-40 46 7. 4 15.2 
41-50 23 | 13 56.5 
51-60 7 | 5 71.4 
Over 60 4 | 3 75.0 
Total so | 28 | 35.0 
Expo: UT ¢ for Over Fave Years 
31-40 3A S 23.0 
41-50 29 9 31.0 
51-60 15 10 =| 66.6 
Over 60 14 1] 78.5 
Total 92 38 | 41.3 
Expos ure for over Ten Y ¢ ars 
31-40 | 24 | 5 | 20.8 
41-50 | 22s 9 | 40.9 
51-60 14 | ) | 64.2 
Over 60 3 10 76.9 
Total.....| 73 | 33 | 45.2 


tively; and for the last group, those 
exposed for over ten years, 20.8, 40.9, 
64.2, 76.9. 


graphically these correlations between 


and figure | presents 
age and duration of exposure. 
Considering the age group from 31 
to 40 years, it will be seen that the 
the 
control group (7.e., those exposed for 


incidence of arteriosclerosis in 


two years or less) is lower than for 
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those exposed for lon 


time. It will 


ger periods of 


be observed, however, 
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sis increases with each age group, as 


would normally be expected. Exam- 
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Incidence of 
workers clas 
sure. 


G. ] 


that the ineidence of arteriosclerosis 


was found to be higher among those 


exposed to lead ior over five 


yea rs 


than among those exposed for over ten 


vears. In the two successive 


age 


PrOUpPS 1rom 11 to 5O vears and irom 
{) + “oY | 7 net no ry oy? 7 
() Vears, tii nNcI1adence OF arvlerio- 
SCICTOS'S appears LO he highest Along 
} 4 ] 
1! MILVOUS 
1] : 4 a | 
1] he seen too that. YOeONeCTALY 
, | " sve ; P 6) yd ») »| . 
Sry ne, the merdence of arterlosciero- 


arteriosclerosis in 172 
ified by age groups and duration of expo- 


lead 


ining the third age group (51 to 60 
vears), however, it will be seen that th 


percentage of arteriosclerosis among 


the workers exposed for two vears O! 


less, for over five years, and for 01 


a a ] : , I ig = | 
ten Vears, respectively, tends to | 


more nearly the same than in 


l, , , ; ry ae 
fs vara’ iy)\¢ +) " . | ~ i i ? 
preceding age group. In this group, 


: — 5 . “ : | 
iS apparentiy beeinning to outweigh 


‘ 


7 


other factors In the etlology of art 


curl yuL> 


‘ P '? 
APYaill, 








s i 


GA 


- is is highest among those exposed to 


ough, the incidence of arteriosclero- 


©\BLE 4.—INCIDENCE OF ARTERIO- 
SCLEROSIS IN LEAD WORKERS 
PROM 31 TO 49 YEARS OF AGE 
WHO HAD BEEN EXPOSED 
TO LEAD FOR 
INCREASING 
PERIODS 
OF TIME 


CASES OF 


TOTAL 
ror ARTERIOSCLEROSIS 


URATION OF 


EXPOSURE | IN 
Irs. GROUP , 
Number |Per Cent. 
2 or less 46 7 19.2 
3-5 36 5 13.8 
6-10 10 3 30 .0 
11-15 11 4 36.3 
16-20 11 l 9.0 
21-30 2 O O 
Over 30 ©) 0 Q 
otal 116 20 17.2 


ead so short a time that lead is not 
egarded as a probable cause. 

in the last group, workers over 60 
vears, the ineidence of arteriosclerosis 
s almost the same regardless of dura- 
Here ap- 
the 


on of exposure to lead. 
age itself 


ominant etiologie factor. 


ently asserts as 
(he group from 31 to 40 years of 

was regarded as of especial signifi- 

A) nee, since it was felt that here both 
ve and chronic aleoholism tended to 

iuced to a minimum as compli- 

Ql Ling etiologic factors in the produc- 
These 
further analyzed 
to lead 


ti time, (See 


arterioseler SiS, 


still 


cases 
he r( fore 
LO exposure 
periods ¢ 
be rather a high 


Ars to 


Appr 


' : —_ a , 
Ce OT arterlioscierosis In t | iS age 
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group—17.2 per cent. furthermore, 
the ineidence of — arierioscicrosis 
Percent, 35 ->——— ee ee 

30 | 
25 + : 
2 20 
g | 
Cus | 
» 
rs | 
eS) } 
eis | 
a¥) ~ -_ 
ro 
< | 
10 | 
| 
| 
5 | ; - 
| 
0 
S2workers 2!worker3 IidSworkers 
exposed for exposed for exposed for 
Sypsoriess  6-l5yp3.  overloyps. 


Kia. 2.—Relative incidence of arterio- 
sclerosis in lead workers from 31 to 40 years 
of age, exposed to lead for increasing peri- 
ods of time. 


to increase 
increased exposure to lead until one 
the 
exposed for over fifteen years, when 
(of the 13 
men who had been exposed for over 
fifteen 


show ed arteri ysclerc SIS. 


appears steadily with 


reaches group which has been 


there is a marked drop. 


years, only 1 (7.6 per cent. 
There are un- 
doubtedly gTeal differences in personal 
susceptibility. When for purposes of 
considers the S2 men 


} 
i 


COMparison One 


om this — ' : 
in this ag ‘group who had CCN CAPOSCA 


~~ 


: 3 
tor five vears or less ., those at 
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the other extreme—one is rather 
struck with the fact that 12, or 14.6 
per cent., were found to have arterio- 
sclerosis; or, going still further back, 
to the control group or those 46 men 
who had been exposed to lead for two 
years or less, the incidence of arterio- 
sclerosis is as high as 15.2 per cent. 
However, in the 21 men exposed to 
lead fifteen years the 
incidence as the table is 

considerably above the 
the group as a 
Why this is so is not 


from six to 
shown in 
od.0 per cent. 
average for whole. 
‘ntirely clear. 
igure 2 presents these relationships 
graphically. 

It isto be regretted that the number 
of men examined who fell into this 


age group (31 to 40 years) was not 


many times greater. From the ma- 
terial at im- 
incidence of 


arteriosclerosis among all of the men 


hand, however. one is 
pressed with the high 
in the social and economic classes from 
lead recruited, 
rather than with any close relationship 


which workers are 
between this high incidence and pro- 
lead. Such a 
relationship may exist, of course, and 


longed exposure Lo 


possibly a study of a much larger 


series of lead workers would bring it 


out. The present study of 381 lead 
workers, however, does not demon- 
strate this relationship very con- 


vincingly. 

[t is of interest in this connection 
that the present findings appear to be 
with those of Dr. S. A. 


connection 


in aeeord 


Smith. who. in with an 


investigation of lead poisoning at 
Broken Hill in 1920, found that the 
incidence of arteriosclerosis among 
lead workers was high, but that. it 


was no higher than among a corre- 


sponding group of sandstone miners 





THE JOURNAL OF INDUSTRIAL HYGIENE 


whom he investigated for purposes of 
comparison. 


HYPERTENSION 


In studying the relationship between 
hypertension and exposure to lead, 
it was recognized that there was som 
difference of opinion among authorities 
as to whether or not such a relation- 
ship exists. The United States Pub- 
lic Health Service, in a study of the 
pottery industry, found a somewhat 
high incidence of high blood pressure 
among their cases. Similar findings 
have been reported by Legge and by 
Oliver. The recent investigation of 
lead poisoning by the Harvard Schoo! 
of Public Health did not seem to bear 
out this point. The present 
has been analyzed with considerabl 
interest, therefore, from the stand- 
point of the incidence of high blood 
pressure. 
the doubt 
the relationship of arteriosclerosis to 
prolonged exposure to lead, there 
would seem to be reason to doubt 


series 


Theoretically, in view of 
already expressed as to 


also the secondary relationship of ‘4 
hypertension based solely on an 
arteriosclerosis of this etiology. 

In making the diagnosis of hyper- 
tension in these cases, the standards 
used by the Metropolitan Life Insur- 
ance Company were taken as a basis 
Any blood pressure which was found 
to be above their 12 per cent. normal 
variation was regarded as high. ‘Th 
values given refer to systolic pressures 


The 


diastolic pressures present! 
nothing of special interest. 
There were, in all, ninety-eigh' 


cases of hypertension found among 
the 381 lead workers examined.  T'! 
age distribution and the relation 10 


i.L2 


June, 19- 
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duration of employment were cor- 


related with blood pressure just as 


t+} 


Cy 


were 


\mong 
() years old or under, the incidence 
hypertension was 28.5 per cent.; 


mong 


er 30 years of age, it was only 23.7 


Cen 


with 


arteriosclerosis. 


the 154 workers who were 


the 227 workers who were 


t. Since 


hypertension 


nor- 


ally inereases with advancing years, 


a4 result of an accompanying arte- 


rioselerosis, the fact that the incidence 


the younger group was found to 


ceed that in the older group is of 


special interest. 


in order to eliminate from the pic- 


re the faetor of arteriosclerosis, of 


vhatever etiology, since it introduces 


~~ | 


+ } 


serious complication, cases of hyper- 


sion with an accompanying arterio- 


lerosis were then dropped from the 


. 


‘Te 


lee 
I 


yay 


ilyzed as a separate group. 


~ 


Only those cases in wh 


ich 


was no apparent etiology for 


high blood pressure, except pos- 


oe. 


‘posure to 


lead, were then 


When 


s was done, it was found that there 


pertension 


e sixty-six workers in all who had 


unaccompanied 


by 


rterioseclerosis. Thirty-five of these 


nt. of the total number of workers 


] 
; 


ers were 30 years old or under, 


nstituting approximately 22.7 


Nat 


per 


age group; while thirty-one 


them were over 30 years of age, 


tituting approximately 14 per cent. 


the total number of workers in that 


O iz ) 


up. Apparently when cases 


coexisting arteriosclerosis were 


inated from the picture, the dis- 


incy between 


the 


incidences 


of 


pertension in the two age groups was 


ther 


dence of hypertension among the 


17 rer 


increased. 


workers 


The much higher 


is 


striking. 


(Tt 





should be mentioned in this connection 
that the hypertension in this group 
TABLE 5.—INCIDENCE OF HYPER- 
TENSION IN 881 LEAD WORKERS 
CLASSIFIED BY AGE GROUPS 


CASES OF 


TOTAL eS 
AGE GROUP : HYPERTENSION 
wre IN 
ile GROUP : 
Number Per Cent. 
Under 16 l l 100.0 
16-18 16 6 37.5 
19-21 29 7 24.1 
22-30 108 30 27.7 
31-40 116 24 °20 6 
41-50 66 13 19.6 
51-60 27 ) 33.3 
Over 60 18 S 44 4 
Total. 38] QS 25.7 


TABLE 6—INCIDENCE OF HYPER- 
TENSION IN 3881 LEAD WORKERS 
CLASSIFIED ACCORDING TO 
DURATION OF EXPOSURE 


CASES OF 


TOTAL | 
HYPERTENSION 


IN 
GROUP i : 
Number Per Cent. 


DURATION OF 
EXPOSURE 


Under 2 mos. 28 | 14.2 
2-6 a7 13 22.0 
7-11 2] : 14.2 
i-Z yFs. 72 17 23.6 
o-O S6 21 24.4 
6-10 * 36 G 25.0 
11-15 “ 28 9 32.1] 
16-20 * 19 S 42] 
21-30 * 25 6 24 0 

Over 30 ‘* Q NS RR 

Total. 38] QS 25.7 


was not usually more than 10 points 
above the 12 per cent. limit permitted 
by the Metropolitan Life Insurance 
Company. 

If these cases are to be regarded 


as probably due to lead absorption, 
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the reason for the association between 
the ab- 
a primary arteriosclerosis) 


increased blood pressure (in 
sence of 
and exposure to lead becomes a matter 
of speculation. The theory suggests 
itself that possibly, just as there is a 
constriction of the capillaries of the 
face causing the characteristic pallor 


of lead workers, there might also 


pernaps be a more extensive capillary 
the body. 
If sufficiently extensive, this constriec- 


constriction throughout 


tion of the capillary circulation could, 
of course, cause a slight hypertension 
such as was found in these workers. 
Such an interpretation would help 
to explain also the alternate rise and 
fall in blood pressure in lead workers 
from time to time, and especially 
in the first year, as reported by Oliver. 
‘To this end, these workers were in- 
vestigated for coexistence of pallor. 

Of the sixty-six workers under con- 
sideration with hypertension (and no 
arteriosclerosis), fourteen showed pal- 
percentage of 21. Of 
the 283 workers who had no hyper- 


lor, giving a 


tension, 13 per cent. showed pallor. 


Because of the possible association of 


a neurovascular eonstriction of the 
capillary eirculation causing pallor 
with lead intoxication, these eases 


were analyzed further for the presence 
of active lead absorption as manifested 
by laboratory analyses of blood and 


urine. ‘The ineidence of lead absorp- 
tion in the eases with hypertension 
Was 6S per cent., whereas in the cases 


without hype rtension if was 99 per 


Cent. 
i" 7 . | . 
hus, while there is nothing over- 
‘ ] ° 1 ° . 
wWheimingly conclusive in these figures. 


does seein Aas though thi re may 


V¥@CeT) 
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vascular system and the hypertension 


which is found among these lead 


workers. Pallor and lead absorption 
appear to be 


frequent among 


both somewhat mor 
those having hyper- 
tension (without arteriosclerosis) than 
among those who have no hyperten- 
sion. Although these differences ar 
not sufficiently great to warrant defi- 
nite conclusions at this time, they 
present an interesting speculation. 
Further study of the interrelationship 
of these factors would be of 


erable interest. 


consid- 


(CONCLUSIONS 


1. Standardization of Terminology. 
[or purposes of the present discussion 
the term “lead absorption” has been 
arbitrarily reserved to describe all 
cases in which there is laboratory 
evidence that lead is being actively 
absorbed, as well as those cases in 
which the presence of the lead line 


demonstrates that lead had _ been 
absorbed at some previous. time 
This is done quite regardless of 


whether or not these cases give clinica! 
the 
‘lead poisoning’ has been ap- 


manifestations of disease. ‘The 
term 
plied to those cases of “lead absorp- 
tion” presenting toxic episodes such 


lead lead 


lead encephalopathy. It is 


as acute colic, palsy, or 


belie, 


oenerany 


that, were this terminology 
accepted, much would be acecomplis! 
in the direction of standardizing 1 
The urgen' 
need for standardization of diagnos): 


diagnosis of this disease. 


1c lic ° ww f> | 
IS GQISCUSSed. 
?, fread Line in the 


typical lead line is frequently \ 


(CFUMS, if 


? 


diffeult to demonstrate in 


must be carefull 


] 
it y" 7?” ’ ‘ 
vy COT Wve P< ald 











entiated from blueness in the gums 
In cases where this 


to evanosis. 
line ie Ok ’ iicderable moro 
line 1S present, consiaerable car 
t he exereised in order to determine 
ther 


it is the result of active lead 
it the time it 1s observed, 

if 
of lead sulphide in the gums 


had 


Hrevious time and which ts, at 


<( rpt ton & 


whether merely represents a 


been deposited there at 


it is observed, inert. Cases 


id absorption apparently may or 


not present a lead line. Careful 


oratory examinations both of blood 


id of urine are required for a proper 


erpretation of the significance of 


ad |ine in any given case. 


A he rioscle ro: LS, ( f the Os | 
kers examined, eighty-six, or 22.5 


All of 


however, occurred in men 


eent.. had arteriosclerosis. 


7 
a ~ 


aw CAS 
. 


rs ol age 


oU yea so that the actual 


ereentage of arteriosclerosis based on 


27 men of this age group was In 


) hn 


lity 37.8 per cent. ‘Taking into 

| Ount such factors as age, duration 
xposure, and alcoholism, the present 

estigation would scem to show two 

| things: 1) that the tineidence = of 
osclerosis is relatively high 

ong all workers of the social and 
; nomie classes from which lead 
ers are reeruited: (2) that the 

» Dart \ hich prolonged exposure TO le ad 
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plays in the production of this arte- 


riosclerosis is questionable. 


:. [fypertension.—Among the 381 
eases examined, there were 98 
eases of hypertension. Of the 154 
workers who were 30 years old or 
under, 44, or 28.5 per ecent., had 
hypertension. Of the 227 workers 


who were over 30 years of age, 54, or 
23.4 had 
Kliminating all eases having a co- 
it 


per cent., hypertension. 


arteriosclerosis, however, 
that the 
hyp rtension was 22 


a dt 


existing 


was found percentage of 
7 per cent. in the 
younger group and 14 per cent. in the 
older group. ‘The possible relation- 
ship between hypertension and neuro- 
vascular constriction of the capillary 
circulation, as evidenced by pallor, was 
It that 


of such a relationship 


investigated. thought 
the 
might account for the fluctuations In 


blood had ob- 


served in lead workers and reported by 


Was 
existence 
been 


pressure W hich 


(liver. Pallor and active lead ab- 
sorption both appeared to be some- 
what more frequent among those 
workers having hypertension (without 


accompanying arteriosclerosis) than 


among those who had no hypertension. 


It is felt that further study of the 


) a ° 
correlations hetween these factors in a 


larger serics of cases would be of 
consid rable interest. 
MGRAPHY 
Lead Cd 9152 London, HH \I. 


Stationery Office, 1910. 

| LTAMILTON, \.: Lead Poisoning in Pot- 
te ries, Tile Works. and Poreelain 
enameled Sanitary Ware Factories 
U.S. Bur. Labor Statisties, Bull O 


1912, 7 
\ ( 
Le 


» 16 
‘inieal St 


idly 


Turpentine an 


, oO} 


+. Harris, L. | 


ad, 





250 


—_ 


). 


mJ 





THE JOURNAL OF INDUSTRIAL HYGIENE 


Benzin Poisoning in Four Hundred 
Painters. Arch. Int. Med., 1918, 22, 
129. 


Hayuurst, Ef. R.: A Survey of Indus- 


trial Health-Hazards and Occupa- 
tional Diseases in Ohio. Columbus, 
Ohio State Board of Health, 1915, 
p. 381. 


LecGrE, T. M., ANp GoapsBy, K. W-:: 


Lead Poisoning and Lead Absorption. 
London, Edward Arnold, and New 
York, Longmans, Green & Co., 1912, 
pp. 111, 115, 116, 182. 


LINENTHAL, H.: Early Diagnosis of 


Lead Poisoning. Diseases of Occu- 
pation and Vocational Hygiene by 
G. M. Kober and W. C. Hanson. 
Philadelphia, P. Blakiston’s Son & 
Co., 1916, p. 96. Industrial Health 
by G. M. Kober and E. R. Hayhurst. 
Philadelphia, P. Blakiston’s Son & 
Co., 1924, p. 433. 


8 Mayers, M. R.: Lead Anemia. Tuts 


JouR.,. 1926, 8, 222. 


10. 


11. 


13. 


14. 


15. 


. NEWMAN, 


B. 


J.. McConneE.tu, W. J. 


SPENCER, O. M., AND PHILLIPs, f°. 
M.: Lead Poisoning in the Pottery 


Trades. 


U. 


S. Pub. Health Bull. 


No. 116, May, 1921, pp. 96, 104. 
OuiveER, T.: Lead Poisoning. London, 
H. K. Lewis, 1914, pp. 133, 191. 
RAMBOUSEK, J.: Industrial Poisoning 

Translated 


Legge. 


1913, p. 177. 
2. Kanp, W. H.: Occupational Lead Poi- 
U. 


soning. 


and edited by T. M 


London, Edward = Arnold 


S. Month. Labor Rey. 


1921, 12, 383. 
Suiz, M. D.: Industrial Lead Poison- 
ing. Jour. Am. Med. Assn., 1921, 76, 


S35. 


SMITH, BS. 


TELERY, 


A.: 
Absorption. 
1925, 2, 391. 


L.: 


Some Aspects of Lead 
Med. Jour. Australia, 


Bleivergiftung. Schrift 


a. d. Gesamtgebiet der Gewerbehyg.., 


N.S. No. 5. 


1919, p. 


ie 


Berlin, Julius Springer, 
Cited in (1, p. 198). 








THE COMFORT ZONE FOR MEN AT REST AND STRIPPED 


TO THE WAIST* 


(C, P. YaGLou 


Department of Ventilation and Illumination, 
Harvard School of Public Health, Boston, Mass. 


INTRODUCTION 
Hii principal object of this 
study was to determine experi- 
mentally the comfort zone for 
men at rest and stripped to the waist. 
information can be applied to 
ndustries where workmen often re- 
all clothing above the waist. 
it has a wider interest as well, because 
brings out the influence of clothing 
acclimatization on the 
seasonal variation in the optimum 
temperature. 


Sucn 


) 
LLU Vv 4 


and also of 


Our sensations of comfort, so far as 
the warmth of the atmosphere is con- 
erned, are not fixed; they vary con- 
iderably according to (a) the activity 

the individual, (b) the kind and 
amount the 
seasonal variation in weather, and (d) 
amount of food 
On account of these variables, 
t is impossible to fix a single tempera- 
ture as a standard of comfort that will 
hold under all conditions. 


of clothing worn, (c) 


the kind and 


sumed. 


Ccon- 


To solve 
problem, therefore, we must de- 
ermine a temperature zone which will 
wide enough to include the effect 
We must 
ermine the degree of comfort ex- 


variables. also 


these 


rienced by the majority of individ- 
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uals at different temperature condi- 
tions within the zone. 


Other Investigations on Determining the 
Comfort Zone 


Four years ago, the Research Lab- 
oratory of the American Society of 
Heating and Ventilating Engineers, in 
co-operation with the Pittsburgh Ex- 
periment Station of the United States 
Bureau of Mines, established a com- 
fort zone for men at rest wearing ordi- 
nary winter indoor clothes (1). This 
zone was intended to apply to average 
American men and women living in- 
side the broad geographic belt across 
the United States in central 
heating is a household necessity for 
from four to seven months in the year. 
The chief the 
arlier work in Pittsburgh and the 


which 


difference between 
experiments here described consists in 
the amount of clothing worn by the 
subjects. 

Vernon and his collaborators are 
engaged in somewhat similar work in 
sritish factories, using the kata-ther- 
the thermal 
They 
propose to establish an empirical re- 


mometer as an index of 
condition of the atmosphere. 


lationship between objective indica- 
the 
subjective sensations produced by air 
Published data (2, p. 39) 


tions of kata-thermometer and 


movements. 


3, p. 396) show the importance of 
regarding cooling power in relation to 


Ac- 
(2, p. 41), cooling 


comfort as a variable quantity. 
eording to Vernon 
power varies from 5 miulliealories per 
square centimeter per second in sum- 
mer to 7 or more in winter, depending 
on acclimatization. 

Mention should also be made of the 
work of the Chicago Commission on 
Ventilation (4) the New York 


State (ommission on Ventilation (5) 


and 


In studying the comfort of school- 
relation to 


and humidity. 


ehildren = in temperature 


l.QUIPMENT 


The present experiments were con- 
ducted in the psychrometrie chamber 
of the Department of Ventilation and 
Illumination, 
Public Health. 


tioning equipment installed in a room 


Harvard Sechool of 


A modern air econdi- 


adjoining the psychrometric chamber 
furnishes air conditioned to the desired 
temperature and humidity. This in- 
stallation makes it possible to produce 
and maintain any desired atmos- 
pherie condition in the psychrometric 
chamber. 

The psychrometriec chamber and the 
air conditioning equipment of this 
School have been fully deseribed else- 
where (6 Since then, however, we 
have added two plenum diffusers near 
the ceiling of the psychrometriec room, 
conditioned aur 


which diseharge the 


uniformly and with a minimum 


EXPERIMENTAL PROCEDURE 


The G5 periments were 
in November, 1925, 


becun early 
and continued to 
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about the middle of March, 


During this period, sixteen tests were 


made which yielded a total of 2.97); 


1998; 


opinions on sensations of comfort. 
the the relativ 
humidity was maintained at 30 1 


In eight of tests, 
cent.; in the other eight, at 70 per cent 
Most of the experiments took plac 
the afternoon and lasted from two a: 
one-quarter to four hours. 

Kighty-five men participated as sub- 
jects. Not all of them, however, too 
About two 
the Harvard 
Medical School and their ages ranged 


Pam) 


part in all experiments. 
thirds were students at 
from 20 to 32 years. The remaining 
one-third were drawn from the teach- 
ing staff and the employees of the 
School. ‘Their 
to 55 years. 


ages varied from 29 
In order to verify the comfort zone 
in warm weather, we conducted 
special experiments in the middle of 
July, 1926. In the same month w 
made three other tests with subjects 
of both sexes who wore ordinary warin 
The data from 
these experiments are treated sepa- 


weather clothing. 
rately in discussing the results. 


Fresh air from out of doors was 
conditioned to the desired temperatut 
and humidity and was admitted into 
the room at a rate of about SO cubic | 
feet per person per minute. Readings 
of dry and wet bulb temperatures were 
taken every ten minutes with a sling 
two 


psychrometer at representative 


points in the breathing zone. ‘Ti 

air movement in the room was dceter- 
mined by dry kata-thermometer read- 
ings: the results showed that it varied 
from about 10 to 20 feet a minute 


The subjects stripped to the waist 


before entering the test chamber. In 
‘on 
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r ‘he chamber they sat comfortably in 
airs and read, wrote, or conversed. 

= l'yery ten minutes they were asked 
, +o express their sensations of warmth 
ording to the following seale: 
i. Cold. 
2. Comfortably cool. 

Very comfortable. 

Comfortably warm. 

‘Loo warm, 
in the first part of the experiments, 
- e subjects were exposed for some 
ah (ime to a constant temperature until 
The 


required to accomplish this was 


aw] ‘heir votes beeame consistent. 


ing en half an hour and_three- 
salle rters of an hour, depending on the 
th, nvironmental temperature to which 
29 the subjeets were exposed betore enter- 

x the test chamber. The votes 


‘ted during this period are not 


ited in the analysis of the results; 


—" nevertheless, they are of some value 
” ‘use they show adaptation to 
‘cote ges in temperature. 
— in the latter part of the experiments, 
_ imidity was kept constant, as in 
ND | rst part, but the temperature was 
to vary, usually in steps of 2° 
was at a time. At every step the 


stu nerature was maintained until the 
ects voted consistently. 


oubic in order to study the influence of 
dings vumidity on comfort, the experiments 
were vere divided into two groups; in one 
sling croup the relative humidity was con- 
ative at 30 per cent., and in the other 


s constant at 70 per cent. 


Jeter: cure | shows the manner in which 
read- | periments were carried out. The 
-aried Jagonal lines A-B and C-D represent 
it the 30 and 70 per cent. relative 
waist , lity lines, respectively. Area 
yr] represents the probable com- 
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fort zone. The line E-F separates 


the cool region of the zone on the 

















left from the warm region on the 
right. It may be considered to rep- 

80 - — 
Wy | M4 | 
r Ye, 
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< 75 | WZ | i te, 
&Y Wa } XB 
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ORY BULB TEMPERATURE 
Kia. 1.—Manner in which test room con- 


ditions were varied in determining comfort 
zone. 

Diagonal lines A-ls and (-—D represent 
30 and 70 per cent. relative humidity lines, 
respectively. Area ABDC represents prob- 
able comfort zone. Line KEI separates 
cool region of zone on left from warm region 
on right. 


resent the probable optimum condi- 
(These values 
were first determined roughly from 


tions for the majority. 


preliminary experiments.) It will be 
seen that the cold and the warm 


boundaries and the probable comfort 
line were approached from both diree- 
tions, as shown by the arrows. ‘This 
was done in order to take into account 
the diurnal 


atmospheric conditions.' 


changes in adaptation to 
ach of the 
arrows represents duplicate experi- 
ments combined into one, indicating 
the range of temperature covered and 
whether the aup- 


proached from the warm or from the 


comfort line was 


cool region of the zone. This gave us 


eight series of experiments in. all. 


iThis is sometimes referred to. ag 
“changes in acclimatization.’’ 
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Advantages and Disadvantages of 
Experimental Method 


One disadvantage in our experi- 
mental method is the artificiality of 
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simplify the analysis, the dry and we; 
bulb temperatures are combined into 
the effective temperature index? (7 
(8) (9). Table 1 contains the data 
secured when the relative humidity in 


TABLE 1.—SENSATIONS OF COMFORT IN AIR CONDITIONS OF DIFFEREN’ 
KFEFECTIVE TEMPERATURES 
(Relative humidity 30 per cent.) 


EFFECTIVE TEMPERATURE (°F.) 


66-67. 
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Increasing Temperature 
J i 


Number of Votes Recorded: 
1. Cold. 
2. Comfortably cool 
3. Very comfortable 
4. Comfortably warm. 


5. Very warm 


Totals 


ol 


6 


l 


88 88 38 37 38 


| j 
> «¢ ‘ » | ‘ 
28 20.13; 9} 5} 2). |. 


7, 71113) 9| 5| 1)..1..!..) 
311 7 9116181611) 2 1.. 
6 7) $10 141415 16 - 


7:1 
| 3 813 21 21:21 27 28 28 28 29 98 
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Decreasing Temperature 


Number of Votes Recorded: 


1. Cold 


2. Comfortably cool 
3. Very comfortable 
4. Comfortably warm 
5. Very warm 


Totals 


the conditions. The experiments were 
carried out 


with 


in an insulated chamber 


no windows: 


the lighting was 
artificial and the air was mechanically 
treated. 

On the other hand, the method has 
very distinct advantages; for the data 
can be secured under accurately con- 
trolled conditions, and wide variations 
in temperature, air 


humidity, and 


movement can be studied. 


MXPERIMENTAL DATA 


The experimental data are given in 


Table 1 and Table 2. In order to 


37 


No 


) 


bho 


“I G2 bo 
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ny“ 
vl 


the test room was maintained 
per cent. In the upper part ar 
grouped the subjective sensations 


4) f 
cA ' 


corded with increasing room tempera- 
ture, and in the lower part those re- 
corded with decreasing temperatur 


2 Iffective temperature is an index ol | 
degree of warmth or cold felt by the hu 
body as a result of temperature, humid 
and movement of the air. When th 
and wet bulb temperatures and the rat 
air movement are known, the effective t' 
perature Can be computed from chart 3 (Fig 
7) or tables. This index was deter 


experimentally at the Research Laborat 
of the American Society of 
Ventilating 
Q 


He itin 


Engineers (cited in (7 




















| Wet 


into 
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rable 2 gives similar data secured 
when the relative humidity was 70 
ner cent. 


ations of Comfort in Relation to 
Effective Temperature and Relative 
Humidity 


In analyzing the results, let us first 

npare the data obtained with the 
two different humidities. In Figures 
2 and 3 the comfort votes, expressed 

percentage, are plotted against 
fective temperature. 

Beginning with the lowest tempera- 
ire, 66.5° in Figure 2, 83 per cent. 

the subjects found this condition 
cold, 13 per cent. said it was com- 
rtably cool, and 4 per cent. pro- 
nounced it very comfortable. As the 
temperature increased, the condition 
ecame more and more comfortable 


TABLE 2.—SENSATIONS OF COMFORT 
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until an effective temperature of 72.5° 
was reached. At this point, 4 per 
cent. of the subjects were still cold, 
21 per cent. were comfortably cool, 51 
per cent. very comfortable, 20 per cent. 
comfortably warm, and 4 per cent. 
very warm. If we combine the votes 
of graphs 2, 3, and 4, we obtain graph 
6, which reaches its peak at about the 
same temperature, 72.5°. This tem- 
perature may be regarded as the aver- 
age optimum for our subjects when 
the relative humidity is 30 per cent. 
As the temperature increased further, 
the condition became less comfortable, 
unt, at an effective temperature of 
83.5°, the subjects unanimously agreed 
that they felt too warm. 

Figure 3 is very similar to Figure 2. 
The optimum temperature is not well 
defined here, but it les somewhere 


IN AIR CONDITIONS OF DIFFEREN T 


KFrFECTIVE TEMPERATURES 
(Relative humidity 70 per cent.) 


EFFECTIVE TEMPERATURE (°F.,) 


Increas ing 


\otes Recorded: 
Cold 
Comfortably cool 
Very comfortable 
t. Comfortably warm 
5. Very warm 
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Decreasing Temperature 


of | oles Recor: le d: 
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ortably warm 


Warm 


34 30 24201816 8 2 


— 


2 61214 814121410 6 2 
S10 26 40 42 16 241210 4 
2 4 8 41614181410 2 


4 4 614 14 22 30 32 32 32 


36 36 36 42 36 5S 64 66 34 50 34 42 32 32 32 32 32 32 








256 THE JOURNAL OF INDUSTRIAL HYGIENE 


between 72.5° and 73.5°, as compared 
with 72.5° in Figure 2. It is difficult 
to say whether this slight difference in 
optimum temperature can be attrib- 
uted to the relative 
humidity. It should be made clear, 


difference in 
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fort with effective temperature. Observa- 
tions with 50 per cent. relative humidity. 

l=cold; 2=comfortably cool; 3=very 
comfortable; 4=comfortably warm; 5=too 
warm; 6=sum of 2, 3, and 4. 
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fort with effective temperature, Observa- 
tions with 70 per cent. relative humidity. 
1, 2, ete., asin Figure 2 


however, that our experimental dats 
as well as our method of analysis ay 
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kia. 4.—Correlation of sensations 
comiort with effective temperature. & 
mation of data in Figures 2 and 3. 

1, 2, ete., asin Figure 2. 
subject to an error of about 
The effective temperature index also 
involves an error of about the sam 
magnitude. Judging from other irreg- 
ularities in the graphs, it would seen 
more reasonable to assume that this 
small difference is due to experimental 
error, and that our sensations of com- 
fort follow closely the seale of effectiv 
temperature. 

The peak value of graph 3 in Figur 
2 is 51 per cent.; the corresponding 
value in Figure 3 is 54 per cent. I 
this difference is of any significance, 
humidity of 70 per cent. would seem 
to be slightly preferable to one of 3U 
per cent. 
Pittsburgh experiments (1), in whic 


Yet an examination of thi 


the subjects were normally cloth: 
discloses a variation in just the oppo- 
site direction. 

igure 4 shows the combined cata 


of both humidities. 


The graphs 
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yore regular than those in Figures 2 
and 3, because the number of observa- 
‘ions is practically doubled. From 
‘hese composite data, we can fix the 
mits of the comfort zone and deter- 
mine the optimum temperature. By 
trapolation we find that the cold 
it of the zone falls at an effective 
‘emperature of 66° and the warm limit 
at $2°. The width of the zone is 
id°. The optimum temperature for 
the majority 1s 72.5°, which does not 
fall in the middle of the zone but is 
nearer the cold limit. This shows that 
our sensations of comfort follow closely 
asymmetric or skewed frequency 
curve. The skewness may be caused 
by increased perspiration in the warm 
region of the zone, the evaporation of 
which keeps the body cool and renders 
less sensitive to temperature varia- 
tions above the optimum than to those 
below. 
lt should be noticed that the zone 
given here includes all the subjects who 
ok part in the experiment; it is 
therefore much wider than the comfort 
ne determined at Pittsburgh (1, p. 
oO) for men at rest and normally 
‘othed. The Pittsburgh zone was 
ased upon the majority opinion of 
the subjects and included only’ the 
average conditions of comfort. Trom 
igure 4, we find that the correspond- 
ing average conditions for men at 
and stripped to the waist are 
ncluded between effective tempera- 
limits of 69° and 77.5°. The 
width of this average zone is 8.5°, or 
pout one-half that of the entire zone. 


f of Diurnal and Seasonal Acclima- 
ition on Sensations of Comfort 


' 
iy 


the first part of each experiment, 
secured data which showed man’s 


adaptation to the temperature condi- 
tions in the test chamber after entering 
from an environment of different tem- 
perature. In one experiment (that of 
Feb. 23, 1926) the temperature and 
humidity in the chamber were kept 
constant for two hours after the sub- 
jects entered. On that day the out-of- 
door temperature was 24°F. and the 
humidity 38 per cent. The tempera- 
ture in the room where the subjects 
undressed was 69°F. and that in the 
test chamber 74.2°. 

Table 3 shows the changes in sensa- 
tions experienced by the subjects 
during the time of exposure. Imme- 
diately after entering the chamber, 
they recorded their first sensation. 
These first observations are of little 
significance so far as the comfort of 
the chamber is concerned, because the 
subjects were influenced largely by 
their preceding environments. In the 
course of the first half hour, however, 
they adapted themselves to the new 
condition and voted consistently there- 
after. 

It is interesting to notice that the 
sensations of comfort of three of the 
subjects did not change at all. The 
others changed slightly. Subject 8 
showed the greatest change—from 
comfortably warm when he entered to 
comfortably cool after forty minutes. 
On questioning him, we found that 
he had walked briskly for several 
blocks in order to be in time for the 
experiment. Under the conditions 
which held in these experiments, our 
results indicate that, if the subjects are 
exposed to the same temperature con- 
ditions for about forty-five minutes, 
the influence of preceding environ- 
ments appears to cease. 

To ascertain whether our experi- 








958 


mental method takes account of 
diurnal changes in adaptation to at- 
mospheric conditions, we divided the 
data into two groups. In lTigure 5, 


all the data obtained with increasing 


TABLE 3. 
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and those of the winter is that 
trousers worn in summer by the sg 


jects were hghter than those worn in 
winter. 


howeve 


rr. because 


SENSATIONS OF COMFORT! 


{ TT" ce} TOOmM condition PS 74.2 


dry b ulb, 


temperature, 70.1 

SUBJECI 

vues) 1:65 | 2:05 | 2:15 | 2:25 | 2:35 
| Yc icc ce: cc eo 
2 VC;|VC/IVC|VCI|VC 
) on Of Ete & C C C 
| CC rc Ceres ice 
5 C C Miecieccrece 
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10 V ( ( ( ( @ ( 
11 ro ise (Fe (Pe ise 
12 vVoiCcCcivc|ivcive 
13 VCiVC|vc|cwicw 
sD 


temperature plotted and, in 


all those obtained with de- 


are 
ligure 6, 
creasing temperature. It will be seen 
that little the 
results the groups. Since 
the variation is well within the limits 
of experimental error, we may assume 
that 
diurnal acclimatization. 

In order to determine the effect of 


seasonal 


is difference in 


there 


from two 


due account has been taken of 


changes in to 


climate on the ecomtort zone, we Ccon- 


adaptation 


ducted two special experiments in the 
middle of July, 1926. The tempera- 
ture out of doors varied from 85° to 
9 | Another differ- 
ence, besides the outdoor temperature, 
these 


on the two days. 


between summer experiments 


> wet bulb. 67 


TIME (P.M. 

2:45 | 2:55 | 3:05 | 3:15 
Vo ;cc;Cccice 
VC;iVC;VCiVC 
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= cold; CC = comfortably cool; V C = very comfortable; C W 
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sensation 


ADAPTATION TO TEMPERATURE IN RELATION TO 


; relative humidity, 69 per cent.; eff 


Subjects entered from an environment of 69° dry bulb.) 
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3:25 | 3:30 
Cc icc 
VC;iVC 
CU C 
CCcCiCcec 
+f ORE oe &- 
VCiVC 
& C 
<< 1 ase 
;; C 
C C 
VCIiVC 
VC!IVC 
CW;i Cw 


{ 


This is of shght significance 


S 





he 


] 


l})- 





eri 


comfortably warm 





FiG. 
comfort 





5.—Correlation 
with effective 


of sensatio! 


temperature 


servations with increasing temperatut 


| ‘) 


etc.. as in 


igure 


> 








Warm 








DETERMINATION OF COMFORT ZONE 259 


somfort are largely influenced by the 
upper half of the body. ‘The optimum 
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| 
A j | i ded 
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FECTIVE TEMPERATURE [BASIC SCALE] 





lic. 6.—Correlation of sensations of 
fort with effective temperature. Ob- 
ervations with decreasing temperature. 
2, ete., asin Figure 2. 


temperature in these summer experl- 
ments was found to be about the same 
as it was in those conducted in winter. 
In other words, we failed to detect 
evidence of seasonal acclimatization. 
\lthough one should not be hasty in 
drawing conclusions from the very 
mited data which we obtained in the 
summer, it is safe to say that, under 
the conditions which held in _ these 
experiments, the effects of seasonal 
changes in adaptation to climate are 
not great. Vernon found by kata 
p. 398) that in a factory which was 
operly heated in winter there was 
practically no evidence of seasonal ac- 
matization. 
ecl of Cloth ing on Te mperature 
Limits of Comfort Zone 


’ 


influence of clothing on the 
ts of the comfort zone and on the 


Til? 


im temperature can be studied 


by comparing the zone determined at 
the Pittsburgh laboratory for people 
at rest and normally clothed (1) with 
this zone for men at rest and stripped 
to the waist. The two are directly 
comparable except that the Pittsburgh 
experiments included subjects of both 
sexes, whereas all of our subjects were 
men. 

The zones are compared in Table 4 
on the basis of dry bulb temperature 
and a relative humidity of 50 per cent. 
It will be observed that a temperature 
of 70° is required for comfort when 
ordinary indoor winter clothing is 
worn; with men stripped to the waist, 
the temperature must be increased to 
80°. The upper and lower tempera- 
ture limits of the zone also differ by 
about 10°. 


Seasonal Variation in Optimum Tem- 
perature for Comfort 


In order to obtain an idea of the 
optimum temperature in summer for 
people at rest and wearing ordinary 
warm weather clothing, we conducted 
three more experiments in the latter 
part of July, 1926. The subjects, 
twenty in all, were men and women 
between the ages of 20 and 40 years. 
The temperature out of doors varied 
from 83° to 92° during the experiments 
and the humidity in the test chamber 
was maintained at 50 percent. Under 
these conditions, the most probable 


optimum temperature was found to’ 


be 75.7°. In Table 5, this value is 
compared with that found in winter 
when the subjects wore winter cloth- 
ing, and with that found in winter and 
in summer when the subjects were 
stripped to the waist. 

[It will be observed that seasonal 
changes in clothing, probably in asso- 
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clation with seasonal changes in of air movement in winter required g 
adaptation to climatic conditions, cooling power about one unit higher 


TABLE 4.—EFFECT OF CLOTHING ON TEMPERATURE LIMITS OF COMFORT 
ZONE 
(Relative humidity 50 per cent.) 


| DRY BULB TEMPER- 


ATURE (°F. 
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| 
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| 
| 
| 
! 
| 








ae 4 ie 
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| a cs 
| SUBJECTIVE | &S a 
COMFORT ZONE LIMITS | sesignrintvtoce | & & as 
| SENSATIONS oF p= 
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| SO | Bz 
| se | Oe 
oa | 2a 

TP Tf 
Probable lowest OTe ee eet TT ere rr ..| Cold 62.3 72.0 
Probable optimum Leesecesccecvvecses| Very comfortable 70.0 80.0 
Probable highest sek renee dae bea a ee Too warm 80.0 91.8 


' According to the Pittsburgh experiments (1). 


TABLE. 5.—SEASONAL VARIATION IN than that required in summer. 1’ 
OPTIMUM TEMPERATURE 


(Relative humidity 50 per cent.) 


was due to acclimatization,® and thi 
mean cooling power (in relation to a 


2 given sensation) was found to change 
3 gradually from month to month as the 
as mean temperature changed.”’ 
SEASON ae If Vernon’s sensations produced by 
= 2 air movement may be considered com- 
Se parable to our sensations of comfort 
oe as he imphes (3), 1t appears that, in 
of. overemphasizing the importance of 
Winter (winter clothing)"........| 70.0 acclimatization, he has underestimated 
Summer (summer clothing)......)| 75.7 


the influence of clothing, in spite 


Winter and summer (stripped to | , 
" | of the fact that his paper contains 


the waist) Leh A Rhee bakes | 80.0 : 
—. an excellent discussion on this very 
' According to the Pittsburgh experi- point. 
; 
ments (1). We do not intend, in this paper, to 


establish standards for summer com- 


affect our sensations of comfort so fot. but we wish to demonstrate th 


n *< 7 - wf e) . . e e . j 
that the optimum temperature of 70° variation in our sensations of comfo: 


T esladace ta tail ; mao : | ; 
in winter is increased to about 76° In ang to show the chief factors causing 


summer. this variation. These factors—cloth- 


7 ON. waciiteinn 2 . ar . geEN- ; : j : . 
Vernon (2) arrives at the same gen ing and acclimatization—are now 


eral conclusion. He states (p. 57): 


=) os 2 produce a given sensation $Ttalics are mine. —C, P. Y. 
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66° and 82°. The variation in the 
sensations of comfort within the zone 
is indicated. The values shown have 
been obtained from graph 6, ligure 4. 
According to these values, an effective 
temperature of 66° is 0 per cent. com- 
fortable, the 
found it cold; one of 73° is 91 per cent. 


because — all subjects 
comfortable, because it was pronounced 
comfortable by 91 per cent. of the 
subjects. These two temperatures are 
the limits of the cool region of the zone 
for the majority of people. The warm 
region is included between effective 
of 73° and 82°. For 


practical purposes, an effective tem- 


temperatures 


a 
perature of 73° may be considered the 
optimum for the majority. 

Although the comfort zone was de- 
termined under practically still air 
movement of 10 
to 20 feet a minute), it is extended in 
the chart to include wind velocities up 
to 700 feet 
complished by referring to the previous 


conditions (an air 


a minute. This was ac- 
findings of the Pittsburgh laboratory 
10) on thermo-equivalent conditions 
of temperature, humidity, and air 
movement. 

[t should not be inferred, however, 
that conditions in the higher tempera- 
ture region of the zone, which are 
accompanied by high rates of air move- 
ment, produce identical sensations of 
with the thermo-equivalent 
conditions in the lower temperature 
The 
two are equivalent thermally, but the 
body is called upon to respond differ- 
In other words, although the 
heat loss from the body may be the 


comfort 


region with mild air currents. 


ently. 
the channels of heat loss are 
different. At the 


tures, sensible perspiration comes into 


Same, 


higher tempera- 


play as 


an emergency outlet for the 
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excess body heat. Such conditions 
if prolonged, involve undue strain on 
the heat regulating center. The lower; 
temperature region of the zone with mild 
air currents is much to be preferred. 
not only because such conditions are 
more comfortable and pleasant, but 
also because they are usually more eco- 
nomical to maintain. Nevertheless. 
where high temperatures are unavoid- 
able, they can be most successfully 
alleviated by increasing the velocity 
of the air, so long as the environ- 
mental temperature does not exceed 
the temperature of the body. 


SUMMARY 


The comfort zone for men at rest 
and stnpped to the waist has been 
found to lie between 66° and 82° on thi 
effective temperature scale. The most 
probable optimum appears to be 72.5°. 
These values take into consideration 
both diurnal and seasonal acclimatiza- 
tion. Diurnal changes in adaptation 
to atmospheric conditions 
accounted for by keeping the tem- 
perature constant for one-half to three- 
quarters of an hour before recording 
the subjects’ sensations of comfort 
This period seemed to be sufficient to 
overcome the effect of previous en- 
vironmental conditions in the case of 
men stripped to the waist. 
changes in adaptation to climate wer 
accounted for by carrying out exper'- 
ments both in summer and in winter 
The failure to 
seasonal acclimatization may proceed 


were 


Seasonal 


discover evidence ‘ay 


from either of two causes: The summer 
data may be too few, or the seaso! al 
changes in adaptation to climate may 
be smaller the 
error. 


than experiment 
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Clothing was found to affect the com- 

‘ort zone considerably. At a relative 
humidity of 50 per cent., the probable 
ntimum temperature in winter 

was 70° dry bulb when ordinary indoor 

| lothing was worn, and 80° dry bulb 
hen men were stripped to the waist. 
Vhen the subjects were dressed ac- 
rding to the season, there was a 
ariation of about 6° dry bulb between 
the summer experiments at this labo- 
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\L APPLICATION OF SUNLIGHT AND 
PIFICIAL RADIATION; INCLUDING THEIR 
YSIOLOGICAL AND IiXPERIMENTAL AS- 

WITH SPECIAL REFERENCE TO 
ERCULOSIS. By Edgar Mayer, M.D. 
th. Pp. xvi, 468 with appendix, 
ography, and indexes; illustrated. 
timore: The Williams & Wilkins Co., 


spite of the restriction implied 


itle, this book is of considerable 


to all who are interested in the 





ratory and the winter experiments of 
the Fittsburgh laboratory. 

This comfort zone for men at rest 
and stripped to the waist is superim- 
posed upon the thermometric chart 
designed at the Pittsburgh laboratory. 
By means of this new chart, the rela- 
tive comfort of ordinary atmospheric 
conditions can be determined when the 
dry and wet bulb temperatures and 
the velocity of the air are known. 
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Problems. 


BOOK REVIEWS 


biologie action of light. Dr. Mayer 
has compiled a very comprehensive 
treatise and presents a notable con- 
tribution to light therapy. The fol- 
lowing chapter headings afford a very 
good idea of the wealth of material 
presented: Introduction and Histori- 
cal: The Nature of Radiation; Some 
l‘undamental Considerations on the 
Action of Light in Animal and Plant 
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Life; The Action of Light on Growth 
and Nutrition; The Effect of Radiant 
Energy upon Bacteria and Related 
Biological Products; Physiological Ac- 
tion of Light; The Skin as an Organ; 
The Sensitisation of Tissues to Light; 
Some Fundamental Studies; The in- 
fluence of Climate on Solar Radiation; 
The Clinical Application of Solar and 
Aerotherapy; The Sources of Light 
used in Therapy; Clinical Studies 
with Artificial Light; The Dosage and 
Technique in the Clinical Use of Arti- 
ficial Light; Indications and Contra- 
indications for Irradiation; The X-Ray 
Treatment of Tuberculosis. 

The various chapters on the biologic 
action of light are especially informing 
and interestingly written; they will 
appeal alike to the layman and to 
the scientist. An appendix deals with 
the influence of light on certain bio- 
chemical reactions and is followed by 
an especially valuable bibliography of 
fifty-seven pages.—L. T’.. Fairhall. 


Cutitp LABOR IN MASSACHUSETTS. AN IN- 
QUIRY UNDER THE AUSPICES OF THE Mas- 
SACHUSETTS Cuitp LABOR COMMITTEE. 
By Raymond G. Fuller, Author of ‘‘The 
Meaning of Child Labor,’’ ‘‘Child Labor 
and the Constitution,’’ ete.; and Mabel 
A. Strong, Executive Secretary, Massa- 
chusetts Child Labor Committee. Paper. 
Pp. 170 with appendix and index. hos- 
ton: Massachusetts Child Labor Com- 
mittee, 1926. 


As stated by Grafton D. Cushing in 
his Foreword, this inquiry “represents 
one of the first attempts since the 
defeat of the Federal Child-Labor 
Amendment to restate the principles 
underlying the reform movement and 
to indicate its opportunities and pros- 
pects.”’ The scope of the reform pro- 
gram indicated by the authors may be 
summarized as including: (1) preven- 
tion of premature school leaving by 
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measures to prevent poverty and meas. 
ures to improve schools; (2) provisioy 
by parental and community effort of 
the substitutes for child labor, e.,. 
suitable work, play, and schooling; (3 
inculeation of higher standards of liy- 
ing and higher ideals of family and of 
community life; (4) restoration unde; 
modern conditions of the close rela- 
tionship between education and occu- 
pation that subsisted when home and 
local community were economically 
self-sufficing units. 

In an historical retrospect are re- 
viewed the changing conditions during 
the last century that gave rise to suc- 


cessive legislation regarding child 
labor. Legislative gains relating to 


child labor and school attendance in 
Massachusetts are summarized down 
to the present time. 

The statistical background for the 
present inquiry is presented clearly by 
tables compiled from figures of the 
United States Census and from still 
more recent figures furnished by the 
Massachusetts State Department of 
Education from the certification of 
minors between 1919 and 1925. These 
are analyzed especially (a) with regard 
to the relative amount of urban, indus- 
trial, and agricultural child employ- 
ment in Massachusetts as compared 
with the country at large, and (b) with 
regard to the fluctuations of child em- 
ployment. Figures relating to school 
enrollment and attendance in Massa- 
chusetts as compared with other parts 
of the United States are summarizeé 
from the “Biennial Survey of [du- 
cation, 1920—-1922,’’ United 
Bureau of Education. 

A study of the most significant re- 
cent literature regarding occupations 
of children leads to definite conclu- 
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sions: (1) ‘‘Wherever these children 
aye, it is mainly their arms and legs 
‘hat are wanted;” (2) occupations of 
14 to 15 year old children, with some 
options, require little skill and 
Yer little prospect of promotion; (3) 
arlier jobs often hinder later advance- 
{) in most trades children of 14 

| 15 are barred out of apprentice- 
ip by established rules approved by 
employers and labor unions; (5) the 
vages of a large proportion of working 
children are not continuous throughout 
year; (6) in regard to children in 
acriculture, dangerous conditions have 
been found in the industrialized forms 
of agriculture such as prevail for ex- 
aple in sugar beet growing in the 
\liddle West and in the tobacco and 
onion fields of western Massachusetts. 
onsideration of data with regard 
accident hazards shows that the 
ecident rate is much higher for chil- 
dren than for adults under similar 
conditions. While many of the most 
ngerous trades in Massachusetts are 
closed to children, the question is 
ised whether the accident hazard 
can be reduced to an extent that will 
tiiy the employment of adolescent 
children at all the forms of factory 
iployment now open to them. A 
eed 1s shown for more adequate health 
service to children before they go to 
work, when they go to work, and after 
ney go to work, in order to prevent 
the neglect or aggravation of physical 
‘ts. The hability in early adoles- 

to the development of nervous 
turbances is emphasized as requiring 


rf 


fi] attention. 
he question of early school leaving 
lation to child labor is analyzed 
etail and current ideas in respect 


the low intelligence of children 


leaving school early are disproved by 
statistics. The advantages are dis- 
cussed of the substitution of the half 
time plan for the present four hours a 
week in a continuation school, for 
working children under 16. Valuable 
suggestions are made for a system to 
secure vocational supervision of sub- 
normal children certified for employ- 
ment. Poverty as a cause for early 
school leaving is discussed together 
with present day methods for the alle- 
viation of poverty. 

The function of child labor laws is 
shown to be the regulation not merely 
of the work itself but the prevention 
of its infringement upon any of the 
rights of childhood. Emphasis _ is 
placed on the prevention of injury not 
by work as work, but by excessive 
hours, improper surroundings, or work 
bearing no relation to the child’s 
physical or mental capacities. The 
present standards with regard to child 
labor in Massachusetts are given in 
detail. With these are compared the 
laws of other states in respect to such 
provisions as are considered significant 
from the standpoint of improvement in 
the Massachusetts statutes, e.qg., basie 
age minimum, school attendance age, 
educational qualification, health re- 
quirement, reexamination of workers, 
employment certification, maximum 
hours of labor, continuation school 
attendance, and accident compensa- 
tion. The legislative standards are 
given which have been formulated by 
the National Child Labor Committee 
as essential for incorporation in the 
statutes of all the states. 

There is a full discussion of the two 
new legislative proposals before the 
Legislature designed to extend the 
present schooling opportunities for the 
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14 year and 15 year old children and 
to help correct a defect in the law 
relating to the physical examination of 
minors applying for employment cer- 
tificates. These proposals are strongly 
endorsed, and the development of 
more and better health work in the 
continuation schools is urged. 

In presenting the tasks which are 
still to be accomplished, the authors 
recommend the following for investiga- 
tion and research: the situation in the 
tobacco and onion fields of the Con- 
necticut Valley; the problem of voca- 
tional supervision of mentally subnor- 
mal children certified for employment; 
a critical study of the administration 
and enforcement of all the existing 
legislation relating to school leaving 
and going to work; a complete study of 
the economie factor in early employ- 
ment; the leisure time problem for 
the working child. Case work methods 
in the administration of a child labor 
law are advocated and in this connec- 
tion it is recommended that vocational 
guidance should be established as a 
definite service in every school system 
in the state. The really significant 
change in child labor reform “‘is that 
which sees in the future less impor- 
tance for coercive and more for non- 
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coercive techniques.”” The latter “are, 
in sum, the methods of education and 
guidance.”’ ‘“‘Child and education— 
these together are the paramount con- 
cern of child-labor reform and the in- 
dispensable means of social progress.” 

In the Appendix are given tables 
showing the occupational distribution 
of Massachusetts continuation schoo] 
children, 1920 to 1921; the principal 
Massachusetts industries employing 
continuation school children, 1920 to 
1921; the number and proportion of 
child employees in certain industries 
in Massachusetts compiled from the 
United States Census of 1920; lists 
are given of the dangerous trades 
forbidden by the laws of Massachu- 


setts to children under the age of 
18 and to children under the age 
of 16. 


It is to be hoped that this volume 
may be read widely, since much of the 
widespread misunderstanding in re- 
gard to child labor reform could there- 
by be cleared away and greater co- 
operation be enlisted. It should be 
equally valuable to those interested in 
the subject of child labor in other 
states from the fact that it deals with 
problems encountered throughout the 
country.—Ruth A. Davis. 
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